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Mi  Blractorau  coacuri  in  ttw  (i«liaet  prcMotad  in  lhle  r«|K>it 
*r-d  r>[  atmttnla  um  of  the  iafcmtloa  coataloci  bar* in  to  niter  '• 
tte  tealga  Mi  f irr-  * ~ jtr~i-  of  tea  protection  tyitaa*  for  rotary-rini 
aircraft. 


Tte  aaia  threat  of  this  effort  wee  to  accurately  quantify  iaaiga 
criteria  for  helicopter  ica  protection  systems  aai  to  liaatlfy  an# 
evaluate  the  noat  premia!  ug  rotor  blait  ica  protaction  concept . Many 
concept a have  been  analysed,  ate  the  cyclic -elect  rot  hamel  concept 
waa  lientifiai  aa  the  noat  p.-  omi sing  for  application  to  future  and 
aviating  irar  helicoptara . 

Alt  house  Che  cyclic-aloctrotharnal  blade  deicing  concrtpt  appear  a to  be 
i be  neat  feaaible  for  application  to  helicopter  rot^r  blade  a in  the 
near  future,  the  panaltlaa  for  ice  protection  are  significant.  AMI  - 
t tonally,  this  deicing  concept  hne  been  euhjecCed  only  to  limited 
ainulated  icing  teats.  Although  this  flight  tasting  waa  adequate  to 
Jeanastrate  concept  feasibility,  additional  ainulated  sate  natural  ica 
tea tiac  is  mandatory  to  finalise  system  control  parameters  and  to  re- 
solve problem  areas  dent if led  to  date. 


This  directorate  will  continue  investigation  of  lea  protection  con- 
cepts chat  show  premise  of  minimising  system  panaltlaa. 


The  Project  Engl 


for  this  effort  was  Bichard  I. 
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SUMMARY 


The  work  which  har  been  acrompl  Isbed  under  this  program  is  reported  in 
tvo  volumes.  The  first  volume,  Design  Criteria  end  Technology  Consid- 
erations, discusses  (l)  icing  severity  leve.\  analysis  and  recosaasnded 
design  criteria,  (2)  Adverse  weather  protection  technology,  (l)  a trade- 
off comparison  of  different  types  of  ice  protection  systems  for  various 
categories  of  helicopters,  and  (1»)  a technology  development  program  for 
an  advanced  electrotherma  deicing  system.  This  volusm,  Ice  Protection 
System  Application  to  the  UH-1M  Helicopter,  describes  the  application  of 
the  recommended  electrothermal  deicing  system  to  a UH-1H  test  aircraft. 

It  provides  a detailed  description  of  the  modifications  to  the  b**tc  air- 
craft (including  the  flight  test  Instrumentation)  slid  tho  results  of  th*. 
ground  and  flight  test  progrsm  for  that  aircraft  conducted  in  the  winter 
of  19T»»-T5 

Meteorologic  JL  At  sign  criteria  are  provided  for  free  sing  rain  and 
drizzle , snow,  and  supercooled  droplets  (Icing).  It  is  shown  that  the 
minimum  (99th  percentile  criterion)  temperature  for  freezing  rain  is 
lli°r,  that  the  liquid  water  content  does  not  exceed  0.32  grt  i per 
u.-Mc  utter  and  that  the  drop!  ft  diameter  ranges  from  1»00  to  1200  microns. 
Tie  99th  percentile  snowfall  criterion  ranges  from  1.6  grams  per  cubic 
meter  at  15°F  to  2.1  grams  per  cubic  meter  st  35°?.  It  is  recaammnded 
that  the  existing  FAA  (and  equivalent  military  specification)  be  used 
for  the  severity  of  supercooled  droplets  under  continuous  marl aim  icing 
conditions  and  that  the  99th  percentile  sever! * f be  used  for  intermittent 
maximum  conditions. 

The  technology  review  focuses  upon  protection  against  supercooled 
clouds,  the  normal  icing  problem.  It  is  shown  that  protection  against 
freezing  rain  is  not  Justified  and  that  snow  can  be  accomodated  by 
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proper  bms  i c design  with  negl  igi  b le  penalty.  ihe  principal  empheHlk 
In  t eohnol  ogy  Is  on  main  and  tali  rotor  blade  j'n.trrt  Inn.  !t  in  con- 
cluded ( hat  el eot  rot.hermal  oyelli  leiolng  offers  t tie  bent  solution  for 
exist  in^  ,-uut  future  hel  i coj  ters  anl  that  t hr  : amc  basic  des  I gn  if 
suitable  for  bt'th  vl  1 -met  al  and  composite  blade  coi-st  ruct  1<  >n . It  in 
shown  that,  the  most  critical  problem  with  the  e l ectmt  hermul  system 
Is  obtaining  a reliable  Made  heater  assembly,  ami  this  has  been  iden- 
tified as  the  key  developamnt  task.  The  timer /coni  roller/ power 
distribution  subsystem  recommended  for  use  with  the  cyclic*  d*iclng 
system  Is  a hybrid  sol  i^-state /elec  trcxsechani  cal  design  incorporating 
extensive  electrical  fault  sensing  mid  protection. 

Protection  requltcscnts  for  engine  inlets,  windshields,  radcaaes, 
flight  probes,  end  weapons  and  sensors  are  also  discussed,  end  the 
ste.te  of  the  art  of  Ice  detectors  and  severity  level  instrument  at  ion 
la  defined.  Inline  inlet  protection  is  highly  dependent  upon  the 
inlet  dea«*ci»  and  it  is  shown  that  several  existing  isigrs  apparently 
do  not  require  a protection  systea.  Windshield  projection  utilising 
electrical  anti-icing  by  a transparent  conductive  fila  1j  recommended. 
The  need  fer  radosm  ice  protection  depends  upon  the  type  of  radar 
•ployed  and  its  location,  on  the  aircraft,  end  often  the  radar  perform- 
ance penalties  associated  with  «n  ice  protection  system  exceed  the 
penalties  due  to  lee.  Flight  prebe  anti-icing  designs  are  currently 
more  than  satisfactory.  The  need  fr>T-  weapon  system  ice  protection 
needs  to  be  experimentally  evaluate,  as  there  is  no  available  informa- 
tion. Sen so k windows,  e.g.*  those  of  cameras,  IN  sights,  and  veapon 
sights,  need  protection  when  they  are  subject  to  icing,  but  it  is  shown 
that  the  only  feasible  method  of  protection  is  a cover  door  or  an 
engine  bleed  air  heating  system. 

A trade-off  has  been  performed  for  windshield  ice  protection,  and  the 
results  show  that  the  electrical  system  is  superior. 
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The  trade—off  analysis  ronpar^i'  f I vr  r.y  stems  of  rotor  blado  I or 
protection  system*  for  seven  helicopter  typer..  The  five  system:  nrr. 
the  elect, rothermal  -yclic  deicing  rv’i1  *-Tf,  the  chemical  freezing  j>  1 • ' 
depressant  (aacohol)  system,  and  three  variations  of  circulating  1 1 *| ■ i T 1 
loop  anti-icing  utilizing  engine  exhaust  gas  h*-at.  Weight,  per  formic  «••• 
penalties,  reliability,  and  production,  operating  and  .naii.t  manor  costs 
have  been  developed.  In  addition,  system  weight  and  performance 
penalties  havts  i»een  evaluated  fnr  the  ■jystems  for  freezing  rail,  require- 
ments es  vw?.l  as  supercooled  drople*  i , and  the  el*  ct rot i.err.al  an  I 
chemical  syatem  requirements  have  also  been  evaluated  as  a function  of 
icing  severity.  The  r<  suits  show  that  based  to  m year  aro'n  d penal  Min', 
and  an  icing  encounter  Juration  of  1 hour,  the  chemical  fr«'‘/itig  poll.* 
depressant  system  is  the  lightest  and  cheapest  system  for  al1  but  the 
two  hearieat  helicopter  types  (with  electrothermal  system  second  or 
first).  If,  however,  maximum  mission  Mne  Is  used  as  the  basis  for 
calculating  year-around  syatem  wight  and  penalties,  the  elect  rot  hemul 
deicing  system  is  shown  to  have  leas  penalty  for  helicopters  with  a 
TOOW  in  excess  of  16,000  lb.  Based  upon  performance  and  logistics 
considerations,  however,  the  electrothermal  system  is  recommended  for 
all  types  of  helicopters. 

The  materials,  processes,  quality  controls,  and  structural  criteria  and 
properties  are  described  for  mala  and  tail  rotor  deicer  heater  blankets. 
Reccoasended  materials  arc  descrlled,  and  it  is  shown  that  the  resulting 
structural  properties  are  satisfactory.  Electrofnnr.<*d  nickel  is  recom- 
mended for  the  erosion  shield,  and  a stainless  steel  et< bed  foil  design 
Is  recommended  for  the  heating  elenent.  The  thocugh-scan  ultrasonic 
inspection  technique  is  recosmsended  for  bonding  verification  on  the 
rotor  'hiade  as  the  last  production  step. 

The  electrothermal  deicing  system  which  has  beer,  developed  and  demon- 
strated on  the  UH-1H  helicopter  requires  1 t.U  kilowa5 ts  for  the  main 
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rotor  blades  (two)  and  U Kilowatts  for  the  tail  rotor.  . u*  main  ro'  or 

blade  is  divided  Into  six  spauwlse  sections  for  cyclic  deicing,  with 

the  heating  sequence  from  the  t.  i ♦<>  blade  not.  lower  density 

varies  from  1.”  watts/in'  at  the  t i to  .’b  watts /in'  at  the  root  . 

The  entire  tail  rotor  is  deiced  at  .'0  watts/in'  . i'h<*  main  rotor 

gy ro  stabilizer  bar  and  tip  weight  Is  anti-iced  (continuously  heated 

» 

during  icing  conditions)  at  5 watts/in‘  :ind  requires  kw . The 
windshields  aiw  also  anti-iced  with  electric  heat  (using  a t.ln  oxide 
coating)  and  require  h.U  Kw.  A new  ac  electrical  system  is  installed 
using  a .'0/j0  Kva  generator.  This  system  also  has  the  capability  of 
providing  a variable  voltage  in  accordance  with  icing  severity: 

160  volts  ( line-to-llne ) for  light  icing,  .’<H)  volts  (the  nominal  value) 
for  moderate  icing,  and  .'30  volts  for  heavy'  icing. 

The  helicopter  underwent  IS  hours  of  airworthiness  and  elect  rical 
systems  flight,  testing  at  Kdwards  Air  Force  Base,  California,  and 
1 5 hour0  at  Hoses  bake,  Washington,  behind  the  CH-I47  Helicopter  Icing. 

Op  ray  System  (HI&j).  A total  of  ih  flight  hours  and  19  ground 
operating  ..ours  were  obtained  on  the  aircraft  . AJ  l structural  1 oads 
measured  were  found  to  be  within  limits,  and  aircraft,  trailing 
qualities  were  better  ‘ban  those  for  the  basic  aircarft  (reduced 
main  rotor  boost -off  control  force  requirements). 

Icing  tests  behind  the  tanker  were  made  at  ambient  temperatures  as 
low  as  -1*°F  and  at  liqui<i  water  contents  up  t.o  0.7b  gran  per  cubic 
meter.  Complete  shedding  of  the  ice  fmn  the  main  rotor  blade  was 
observed  at  temperatures  down  to  ♦5°F,  but  shedding  was  reported  to 
be  incomplete  inboard  of  station  fii  (where  the  doublers  start)  at  an 
ambient  of  -U°F.  No  tall  rotor  icing  was  observed.  Windshield  and 
stabilizer  anti-icing  power  appeared  to  be  adequate.  It  is  recommended 
that  further  flight  testing  be  conducted  tc  achieve  a greater  variety  of 
conditions:  hover  behind  the  Canadian  National  Research  Council  bpray 

Rig  at  Ottawa,  Ontario,  behind  the  HISS,  and  in  natural  Icing. 
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PREFACE 


Ttiic  program  to  determine  adverse  weather  protection  requirements  wac 
conducted  ly  the  Lockheed^alifornia  Co.npany  under  Contract 
DAAJ02-73^-0107  to  the  Euctis  Directorate,  UT>  Aririy 

Air  Mobility  Research  and  Development  Laboratory  (UGAAMRPl,)  Fort  Eustie, 
Virginia. 

Tie  program  was  performed  during  tlic  period  30  June  1973  through  30  June 
1975.  Technical  monitoring  of  the  project  for  UGAAESiDL  wac  uy 
Ricliard  I.  Ada:ns  . 

Tne  Lockheed  program  was  under  tlic  technical  direction  of  J.  B.  Werner, 
Senior  Research  and  Development  Engineer.  Audit  ioi.al  Lockliecd  pcreoi  nel 
making  major  tc clinical  contributions  to  tlic  program  included  J.  T.  Alpcrn, 
A.  Andcicon,  H.  Carr,  R,  H,  Colton,  M.  J.  Cronin,  A.  M.  James,  R,  K. 
Jonncton,  J,  E.  Rhodes,  G.  M.  Ryan,  J.  odu.idt,  K,  K.  Gchmidt,  V,  G. 
Gorencon,  and  J,  H.  Van  ‘..ijk. 

Gimulated  icing  ♦cste  wexx  conducted  by  the  UG  Arry  Aviation  Engineering 
Flight  Activity  (UGAALFA),  Edwurde  Air  Force  Base,  California.  Major 
technical  contributions  were  ::ao ic  by  MaJ.  Robert  K.  Merrill,  IYoJect 
Officer  and  Engineering  Tect  Tilot,  Cnpt.  Louis  Kxxmc merger , Flight 
Test  Engineer , and  Capt.  Lconax’d  Hanks,  chase  *lunc  pilot  and  icing  tect 
consultant . 
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1.0 


INTRODUCTION 


The  Ice  protection  technology  review  and  trade-off  study  discussed  in 
Volume  I of  this  report  concluded  that  the  electrothermal  cyclic  deicing 
system  is  the  coi  ”ept  which  should  be  applied  to  those  helicopters 
having  missions  which  require  all-weather  operation.  As  part  of  this 
program,  therefore,  an  advanced  electrothermal  deicing  system  has  been 
designed,  built,  and  flight  tested  on  an  Army  UH-1H  aircraft.  This 
voluue  describes  the  ice  protection  system  which  has  been  installed, 
the  other  associated  modifications  to  the  aircraft,  the  instrumentation 
and  flight  test  data  acquisition  system,  the  test  procedure,  and  test 
results . 

Preliminary  system  design  started  in  January,  197^,  and  ground  testing 
of  the  completed  and  Installed  system  on  the  aircraft  started  at  the 
contractor's  plant  in  Burbank,  California,  in  December,  I97U.  Air- 
worthiness and  system  checkout  tests  were  completed  by  the  contractor 
at  the  Army  Aviation  Engineering  Flight  Activity  facility  at  Edwards 
Air  Force  Base  on  February  28,  1975,  end  the  aircraft  was  then  ferried 
to  Moses  Lake,  Washington  for  simulated  icing  testB  behind  the  CH-I47 
Helicopter  Icing  Spray  System  (HISS).  Testing  at  Moses  Lake  was 
completed  on  March  31,  1975. 
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2.0  ICE  PROTECTION  SYSTEM  DESCRIPTION 


Figure  1 schematically  shovs  the  changes  which  have  been  made  to  the 
standard  aircraft.  An  electrothermal  cyclic  deicing  system  has  been 
installed  on  the  main  and  tail  rotor  blades*  ' a heating  blanket  to 
provide  anti-icing  also  has  been  installed  over  the  stabiliser  bar  arm 
and  tip  weight.  In  addition* the  plastic  pilot's  and  copilot's  wind- 
shields have  been  replaced  with  laminated  glass  heated  windshields. 
These  additions  and  changes  to  the  aircraft  resulted  in  the  addition 
of  appropriate  ice  protection  control  systems  and  a new  ac  generating 
system  to  supply  the  electrical  power  demands. 

Two  different  types  of  ice  detector  (and  icing  severity)  systems  and 
OAT  (outside  air  temperature)  probes  also  have  been  Installed  to  pro- 
vide inputs  to  both  cockpit  Instruments  and  the  main  and  tall  rotor 
automatic  deicing  controller. 

No  changes  were  made  to  the  engine  air  inlet  system*  as  experience 
indicated  that  engine  power  has  not  been  affected  by  ice  buildups  on 
the  liilet  screens  of  the  UK-1H  aircraft . 

The  subsections  below  describe  in  detail  the  additions  and  modifica- 
tions which  have  been  made  to  the  aircraft. 

2.1  MAIN  AND  TAIL  ROTOR 


2.1.1  Main  Rotor 

The  installation  of  the  electrothermal  cyclic  deicing  heaters  on  the 
main  rotor  blade  is  shown  schematically  in  Figure  2.  Each  blade  is 
divided  spanwise  into  6 zones;  and  both  blades  are  powered  simultane- 
ously so  as  to  provide  symmetrical  ice  shedding.  Heating  starts  at  the 
tip  (Zone  I)  and  proceeds  sequentially  inboard  to  the  root  (Zone  VI ) . 
The  upper  surface  is  heated  to  approximately  12%  chord  (2.75  inches 
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Figure  1.  Advanced  lea  Frotaetlo©  Syntax  Modification  to  UH-IH. 


back  from  the  leading  edge),  and  the  l.>w>>r  suf'ae.'  is;  h>ated  to 
approximately  ?9t  chord  ( «*> . h*.  inches  back  m r.  the  leading  e^r). 

The  power  density  it*  varied  from  tip  ‘ .->  iv.  ■»  as  oh.  wi.  it.  Fl-an-  *,  add 
each  zone  user  the  same  total  fewer:  *'.7  kw'tlaie  fj*-r  tone). 

The  power  variation  t akes  li.*o  a-'oeu:.4  k;:.*'*ic  !.<■•;•  it.#*  effect 

which  varies  as  the  square  V the  Via  It-  rail.,  ft!...'  t • :.d!t  ••  ♦ o reduce 
the  required  temperature  rise  out  bean),  at.  i * ne  Mc.<  line  etTcot  " (ch* 
heat  transfer  coefficient  ),  which  varies  tic  tin-  squar**  >vo4  of  t ne  Via  to 
radius  (thus  tending  to  Increase  the  rate  of  heating  required  ou*b<*an 
for  a given  required  temperature  rise).  'ho  repaired  rower  >1!  1 1 tn* ■ 
and  the  operation  of  the  blade  deleft.*4  cot.4  re!  .-y.'4et:.  1 r described  1: 
Section  2.2. 

There  are  two  basic  heating  areas  ot.  4 he  main  rotor:  the  basic  blade 

area  from  rotor  station  S'  to  the  tij  (approximately  ".7  feet)  and  an 
inner  section  which  covers  the  rotor  over  the  doubler  area  (sta.  23  4 <. 

sta.  83). 

The  cross  section  of  the  deleer  hea'or  it..  t allut  lot.  is  sh  vn.  it.  Fig- 
ure U.  The  erosion  shield  for  the  outer  17  fee*  of  the  main  blade  is 
0,030  inch  lA  H 30]  stainless  steel,  at.d  4 he  <-r.  shield  for  the 

inner  5 feet  (the  doubler  area)  is  O.Olr  inch  707l'.'r  aluminum,  ".’he 
blade  heater  consists  of  an  erosion  shield,  at.  epoxy  'fiber,.?! ass  lie! co- 
trie  layer  between  the  erosict;  shield  ar.d  the  l. eater  element  (wiilch  is 
of  etched  foil  made  from  0,005  inch  stainless  steel),  and  inner  fiber- 
glass epoxy  layers.  The  existing  stainless  steel  and  cobalt  erosion 
shield  is  removed  from  the  blade  In  order  to  minimize  the  blade  weight 
change.  The  blade  is  then  built  back  to  contour  wifi;  a fiberglass 
epoxy  layer  filler.  The  complete  deicer  boot  erosion  shield  assembly 
is  then  bonded  to  the  existing  filler  built-up  blade. 


Although  the  heated  area  extends  hack  to  12?  chord  on  the  upper  surface, 
the  erosion  shield  extends  further  aft  clue  to  the  need  to  provide  area 
for  the  copper  braid  power  feed  conductors  to  the  various  segments.  The 
erosion  shield  extends  a constant  6.83  inches  hack  on  the  lover  surface 
between  stations  288  (blade  tip)  and  83,  the  start  of  the  doublers. 

The  shield  extends  back  a constant  5.20  inches  on  the  upper  surface 
between  stations  288  and  155  and  tapers  uniformly  back  to  6.1*3  inches 
at  station  83.  The  heated  area  over  the  doubler  is  irregular. 

The  blade  heater  uses  three-phase  power  (at  a nominal  voltage  of 
200  volts,  liue-ro-line)  , and  each  phase  powers  a different  spanvise 
area  of  each  cone.  A common  copper  braid  ground  return  is  used  on  the 
lower  surface  behind  the  heated  area  but  under  the  erosion  shield. 

Since  the  boot  basically  extends  almost  0.090  inch  outside  the 
existing  blade  contour,  a fiberglass  fairing  is  provided  behind  the 
erosion  shield.  This  extends  back  approximately  1 inch. 

Power  leads  extend  out  of  the  deicer  bor+  in  straps  at  the  inboard  end 
and  then  terminate  in  waterproof  connectors  for  cnble  assemblies  leading 
into  a power  distribution  stepper  switch  on  top  of  the  rotor  mast. 

The  stepper  switch  provides  the  cycling  to  the  six  zones,  so  only  four 
power  leads  need  to  go  through  the  sliprings  and  then  into  the  fuselage 
through  a hollow  tube  in  the  center  of  the  transmission  shaft.  The 
slipring  assembly  housing  (Figure  5)  contains  not  only  the  sliprings 
but  instrumentation  components  (page  1*6)  and  the  mounting  for  a camera 
which  was  used  for  obtaining  inflight  motior  pictures  of  one  rotor 
blade.  A total  of  2k  sliprings  were  provided  on  the  main  rotor  to 
provide  for  rotor  deicing  (1*),  stabilizer  bar  anti-icing  (2),  camera 
operation  (6),  and  instrumentation  (12). 
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2.1.2  Tail  Rotor 


The  tail  rotor  deicer  boot  and  'nner  fill  layers  are  similar  to  that  of 
the  main  rotor.  On  the  tail  rotor,  only  the  basic  blade  has  a 
deicer  heater;  there  is  no  deicing  coverage  for  the  inboard 
doubler  area.  The  erosion  shield  is  electroformed  nickel  tapered 
from  0.030  inch  at  the  leading  edge  to  0.010  inch  at  the  trailing 
edge. 

The  tail  rotor  blade  heated  area  extends  from  stations  20.68  to  sta- 
tion 50.  Protection  extends  aft  to  10/5  chord  on  the  "outboard” 
surface  (1  inch)  and  to  ? 5?  chord  on  the  "inboard”  surface  (2.3 
inches).  The  erosion  shield,  however,  actually  extends  aft  2 inches 
on  the  "outboard"  surface  and  3.05  inches  on  the  inboard  surface  and 
spanvis*  to  the  tip  (station  51).  As  on  the  main  rotor  blades,  an 
aerodynamic  fairing  ev+«*nds  behind  the  erosion  shield. 

Since  the  heated  ;irea  on  the  tail  rotor  is  smaller  than  a zone  on  the 
main  rotor,  the  entire  tail  rotor  is  deiced  as  an  entity,  at  a uniform 
nominal  power  intensity  of  20  watts/in  au  tuu  »«C.  Thus,  no  stepper 
switch  is  required  for  the  tail  rotor. 

Figure  6 shows  the  tail  rotor  slipring  assembly.  It  contains  U power 
and  12  instrumentation  rings . 

2.1.3  Stabilizer  Bar 

The  stabilizer  bar  is  continuously  heated  during  icing  to  provide  an 
anti-icing  capability,  at  5 watts  per  square  inch  (Figure  7).  Control 
of  the  stabilizer  and  the  counterweight  heaters  is  again  from  the 
pilot's  control  panel,  and  the  switch  is  normally  ON.  Unlike  the  main 
and  tail  rotor  elements  which  are  three  phase,  the  stabilizer  heater 
is  single  phase  - connected  across  one  pair  of  lines  of  the  three-phase 
ac  system.  Separate  sliprings  in  the  main  rotor  mast  and  circuit 
breakers  are  used  for  the  stabilizer  bar. 
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Figure  7.  Sketch  of  Heater  Blanket  Coverage  For  Stabilizer  Bar. 


2.2  ELECTRICAL  DESCRIPTION 


# 


As  noted  in  Section  2.1,  the  main  rotor  blade  is  divided  into  six 
heated  areas  or  zones,  each  drawing  equal  power.  The  power  demand  of 
the  main  rotor  is  approximately  13.2  kva  under  moderate  '200  Vac) 
icing  conditions.  The  tail  rotor  blades,  as  mentioned  previously, 
are  deiced  simultaneously.  Their  normal  power  demand  is  approximately 
k.O  tea  (moderate  icing).  Additional  ac  electrical  loads  on  the  air- 
craft are  the  stabilizer  bar  (3  kva  approximate)  and  the  two  heated 
windshields.  The  windshield  load  is  5.2  kra,  bringing  the  total  anti/ 
deicing  peak  load  (at  200  v)  to  approximately  25. k kva.  lhe  systems 
C4n  a^*°  u**d  at  160  volts  or  230  volts,  as  discussed  below,  with 
corresponding  total  power  requirement  of  16.3  kw  or  33.6  kw,  respectively. 

2.2.1  Power  generation  System 

Since  the  basic  UH-1H  is  equipped  with  only  two  28-volt,  300-mq>,  dc 
generators  (one  a starter-generator),  a new  20/30  kva  ac  generator  is 
used  to  meet  tne  new  icing  loads  and  other  electrical  loads  in  the 
helicopter.  The  generator  selected  is  a Bendlx  model  20B23-15 . it  is 
one  of  a few  machines  that  fits  on  the  5 inch  bolt  circle  pad  of  the  dc 
generator  and  which  also  operates  at  the  same  nominal  drive  speed  of 
6600  rpm.  For  reliability  reasons,  a brushless  configuration  of  this 
generator  is  used.  While  the  generator  is  designed  to  use  blast-air 
cooling,  it  is  operated  in  the  UH-1H  with  a self -cooled  Internal  fan 
since  the  generator  is  deslg:  ed  to  operate  with  120°C  cooling  air. 

The  new  three-phase  200/115-volt  ac  generator  is  Installed  at  the 
12  o'clock  position  on  the  transmission  pad.  The  pad  is  normally 
occupied  by  a 28-volt  dc  300-amp  generator.  Because  of  this  substi- 
tution, the  available  redundant  dc  power  generation  capability  would  have 
been  deleted  from  the  vehicle.  Thus,  another  modification  of  the  UH-1H 


basic  power  system  consisted  of  the  installation  of  a 28-volt,  200-amp, 
transformer  rectifier  (T/F)  unit.  This  unit  is  located  on  top  of  the 
fuselage  next  to  the  ac  generator  and  under  the  movable  cowling,  as 
shown  in  Figure  8. 

The  dc  system  has  been  rewired  to  make  the  starter  generator  the 
primary  generator  (instead  of  the  standby  generator  which  it  is  in  the 
basic  vehicle).  With  this  change,  the  transformer-rectifier  unit  now 
operates  as  the  standby  dc  system. 

All  new  electrical  components  and  items  associated  with  the  ice  protec- 
tion system  have  been  located  in  the  electrical  load  center  except  for 
the  control  panels  in  the  cockpit  and  a power  stepper  switch  located 
on  the  main  rotor  head  assembly  (for  distributing  power  sequentially 
to  the  six  main  rotor  heating  zones).  The  load-center  co^>onents  Include 
circuit  breakers,  relays,  ac  deicer  power  relay  box,  voltage  regulators, 
terminal  strips,  etc.  All  these  have  been  installed  with  a minimum  of 
change  to  the  basic  layout  of  the  existing  ccag>onents.  Also  located 
in  this  area  is  a new  three-phase  external  ac  power  receptacle  to 
permit  checkout  of  the  ice  protection  system  on  the  ground  without 
running  the  engine. 

2.2.2  System  Operation  and  Control 

Control  of  the  deicing  system  is  accomplished  from  two  panels  mounted 
at  the  aft  end  of  the  control  pedestal  in  the  cockpit.  These  panels 
(Figure  9)  are  known  as  the  pilot's  control  panel  and  the  deicing 
control  panel.  Functionally,  all  control  resides  in  these  two  units. 

The  pilot's  control  panel  establishes  the  operational  mode  of  the 
system  (and  monitors  its  performance),  while  the  controller  acts 
as  an  automatic  processor,  accepting  the  pilot's  data  inputs  and  those 
of  the  OAT  (outside  air  temperature ) and  LWC  (liquid  water  content) 
sensor  systems. 
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Figure  9*  Ice  Protection  Control  Panels. 


The  deicing  control  system  has  tvo  operational  modes:  automatic  and 

semiautomatic.  These  are  selectable  by  the  pilot,  and  the  only  differ- 
ence between  the  tvo  is  that  the  deicing  schedule  for  the  system  in 
the  "semlauto”  mode  le  controlled  manually.  To  do  this,  the  pilot  uses 
the  Information  displayed  on  the  OAT  and  LWC  instruments  and  operates 
the  OAT  and  LWC  controls  which  are  in  Juxtaposition  with  them.  The 
necessary  ON /OFF  times  are  scheduled  by  the  controller  (even  in  the 
''semiauto"  position) . In  the  "auto"  position  the  deicing  schedule  is 
established  directly  by  the  outside  environment  sensor  system  (outside 
air  temperature  and  icing  severity).  In  the  "auto"  position,  the  OAT 
selector  switch  and  the  icing  severity  selector  switch  have  no  effect 
on  the  performance  of  the  leicing  system.  The  Instruments,  however, 
continue  to  display  the  outside  icing  environment. 

Operationally,  the  system  is  designed  to  require  minimum  attention  by 
the  flight  crew.  All  switches  could  typically  be  in  the  position  shown 
in  Figure  8.  With  the  exception  of  the  "external  power  switch,"  all 
switches  would  normally  be  in  the  position  shown  (ON).  A master  power 
switch  located  In  the  lower  right  corner  of  the  deicing  control  panel 
has  control  over  all  dc  power  to  the  sensors  and  to  the  controller/ 
processor  system. 

The  system  is  adaptive  to  the  deicing  environment  in  such  a way  that 

2 

the  power  density  (watts/in  ) applied  to  the  heaters  is  proportional 
to  t’ae  icing  severity:  the  lover  the  icing  severity,  the  lower  the 

power  density  applied  to  the  heater  elements.  Conversely,  the 
heavier  the  icing  environment,  the  higher  the  power  density.  This 
method  of  changing  the  watts/in  is  effected  by  changing  the  voltage 
produced  by  the  ac  generator.  The  purpose  of  this  type  of  control 
is  to  presei re  the  life  of  the  generator  by  subjecting  it  to  the 
high  loading  conditions  only  when  the  helicopter  is  flying  in  heavy 
•icing  conditions.  The  life  of  the  generator  (aside  from  bearings, 

•See  Volume  1 for  definition  of  icing  severity  levels. 
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etc.)  is  related  to  the  average  ( root-mean-square ) heating  of  the 
lnaulatlon  syatea.  Operating  the  generator  In  this  manner  vlll 
Inver  the  average  temperature  of  the  windings  and  substantially  extend 
the  life  of  the  generator  as  well  as  minimize  the  torque  loading  on 
the  transmission  pad. 

While  on  infinitely  variable  voltage  control  would  have  been  more 
desirable.  It  would  have  been  more  complex,  so  th:ree  fixed  voltage 
levels  are  used.  These  relate  to  the  varying  icing  severity  conditions 
as  follows: 

Icing  Condition*  Voltage 

Heavy  230  v (line-to-line) 

Moderate  200  v (line-to-line) 

Light  160  v (line-to-line) 

These  voltages  give  a power  range  of  2:1  from  light  to  heavy  Icing 
conditions.  When  the  voltage /power  intensity  levels  change.  It  Is 
also  necessary  that  related  changes  be  made  to  the  "heater-on"  periods. 
The  ON-tlme  Is  basically  determined  by  the  temperature  differential 
below  freezing  and  is  proportional  to  It  (the  lower  the  outside  air 
temperature,  the  longer  the  OIT-time).  For  any  condition  where  the 
voltage  is  increased  (wvtt  intensity  increase),  the  rate  of  temperature- 
rise  at  the  blade  surface  also  increases.  As  a result,  for  a given 
temperature  rise  requirement,  a shorter  ON-time  is  programmed  at  the 
higher  voltage  levels.  TI.c  controller  timing  logic  operates  in  such  a 
way  that  the  LWC  factor  controls  ON-time  as  an  inverse-proportion 
function  of  icing  severity:  the  worse  the  icing  severity,  the  shorter 

the  required  GN-time,  thus  permitting  fnster  cycling.  As  ice  accretes 


•As  read  on  tlie  penel  LWC  meter. 


on  the  blade#  at  a rate  proportional  to  the  icing  severity,  it  is 
beneficial  if  the  cycle  time  (time  to  heat  all  blade  elements)  is 
shortened  at  the  more  severe  icing  conditions.  Figures  10  and  11 
show  the  matri'c  of  OAT  versus  IWC  for  the  different  voltage  levels 
for  the  malt  and  the  tail  rotors,  respectively. 

Since  the  ON-time  schedule  was  established  by  an  analytical  evaluation 
of  the  spectrum  of  icing  conditions,  it  is  possible  that  some  of  the 
calculated  values  may  differ  from  actual  operating  requirements.  Three 
adjustment,  controls,  therefore  (located  vertically  on  the  lower  right 
quadrant  of  the  controller  panel),  provide  a ♦ 50%  control  of  the 
ON-time  settings.  Once  these  adjustments  are  made,  there  will  be  little 
need  to  use  these  controls  again,  and  they  would  not  be  required  for  a 
production  unit. 


Another  aspect  of  the  deicing  schedule  is  to  provide  for  an  OFF-period 
between  each  heating  cycle.  The  OFF  period  associated  with  each  of 
the  three  icing  severities  is  set  between  the  following  ranges: 


Icing  Condition 

Heavy 

Moderate 

Light 


OFF-Feriod  (Min.) 
0.2  - 3.0 
0.7  - 10.0 
1,0  - 15.0 


These  adjust ible  settings  are  also  located  on  the  lower  right  quadrant 
of  the  controller  panel.  The  initial  adjustments  were  set  at  2,  5,  and 
lU  minutes,  respectively. 

While  t.he  LWC  sensor  system  will  detect  rapid  and  frequent  changes  in 
icing  conditions,  it  is  undesirable  for  the  generator  voltage  to  fluc- 
tuate following  these  instantaneous  sensor  responses.  To  inhibit  this, 
a "muting"  period  is  built  into  the  controller  to  insure  that  the 
heating  parameters  do  not  change  oftener  than  once  in  5 minutes.*  The 

•This  time  interval  can  be  adjusted 
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control  parameters  that  will  be  affected  by  a change  In  the  loin# 
condition  vill  be: 


• The  voltage  level  of  generator 

• The  CN-time  established  for  the  muin  and  tail  rotor  heater 
elements 

• The  OFF-period  between  each  cycle  (for  the  main  rotor) 


If,  however,  the  pilot  finds  that  he  has  entered  a more  severe  icing 
condition  than  the  system  has  beet:  controlling  to,  he  can  use  an  "update" 
control  button  which  is  provided  on  the  ct'nter  of  the  pilot's  control 
panel.  When  this  button  is  pi'essed,  the  old  timing  cycle  will  be 
immediately  terminated;  the  cycle  will  return  to  the  "start"  position; 
the  ON  periods  will  be  reduced;  and  the  OFF  period  will  be  shortened 
as  appropriate  for  the  icing  condition  being  encountered. 


Separate  timing  circuits  are  used  for  the  main  and  tall  rotor.  Tail 
rotor  cycling  consists  simply  of  sequential  ON  and  OFF  p<.”tods,  with 
the  OFF  period  being  made  a multiple  of  the  ON  period.  This  ratio  is 
established  by  a three-position  selector  switch  .locate^  on  the  left 
center  of  the  controller  panel.  The  graduations  on  the  switch  are 
4,  8,  and  32:  a selection  of  "8”  would  mean  that  the  OFF  period  on 

the  tail  rotor  heater  elements  would  be  8 tires  the  heater  ON  period. 
The  tail  rotor  ON  periods  may  be  adjusted  independently  of  the  main 
rotor;  these  + 50^  controls  are  located  in  t lie  lower  rigid  .uadrant  of 
the  controller  panel.  At  the  initiation  of  deicing,  the  main  and  tail 
rotor  systems  would  start  simultaneously;  and  sequencing  would  then 
depend  on  the  im  in  and  tail  rotor  deicing  schedules  aeleci.o.i. 


Protection,  like  the  function  of  the  control  system,  is  individual  and 
specific  to  the  main  and  tail  rotor  systems.  Amber  fault  warning  lamps 
are  located  on  the  top  portion  of  the  pilot's  control  panel  in  the 
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peripheral  vision  of  the  pilot.  These  lights  provide  indication  of 
open  or  short  circuits  in  the  main  and  tail  rotor  systems.  A "ground" 
light  (top  left  corner  of  panel)  provides  a warning  of  any  line-to- 
ground  short  in  the  generator  system  wiring  or  in  the  wiring  of  the 
deicing  system  itself  such  as  a blade  element  shorting  to  ground. 

Two  OAT  and  two  LWC  sensor  systems  are  installed,  and  these  are  select- 
able from  the  pilot's  control  panel.  The  OAT  sensors  are  conventional 
resistance  wire  thermal  sensors  which  furnish  data  to  the  controller  and 
to  the  OAT  indicator.  Since  both  OAT  sensors  are  of  the  same  type,  the 
only  purpose  in  using  two  is  to  provide  redundancy.  In  contrast,  the 
LWC  sensors  are  of  different  types,  as  discussed  in  Section  2.3. 

External  ac  power  is  controlled  via  the  pilot's  control  panel.  A mili- 
tary star  lard  receptacle  is  used,  and  an  "external  power  monitor"  is 
installed  in  the  load  center  to  monitor  the  quality  of  the  external  power 
supply  connected  to  the  vehicle.  If  the  phase  rotation  of  the  voltage 
or  the  frequency  is  not  within  prescribed  limits,  power  cannot  be 
applied  to  the  buses.  A lamp  located  on  the  control  panel  (Figure  9) 
is  used  to  indicate  when  ac  external  power  is  available  to  the  elec- 
trical system. 

In  considering  the  electrical  control  system  for  the  rotor  blades, 
critical  attention  was  focused  on  those  safety  aspects  wherein  a 
system  failure  could  result  in  loss  of  the  aircraft.  Such  a possibility 
could  arise  if  an  entire  blade  heater  assembly  were  to  delaminate  in 
flight  and  separate  '’rom  the  rotor  (the  resulting  dynamic  imbalance 
could  be  catastrophic).  One  way  such  an  event  might  occur  is  as  a 
result  of  overheating  the  bU.  e ilue  to  excessively  long  power  ON 
time . 
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Accordingly,  a detailed  thermal  analysis  was  made  in  order  to  establish 
the  degree  of  thermal  margin  in  the  system.  The  expected  time  for 
deicing  to  occur  on  the  main  rotor  blade  was  determined  for  each  of  the 
six  deicing  zones  and  for  each  of  the  three  voltages.  Figure  12  shows 
the  results  o'.‘  the  analysis  (for  an  ambient  temperature  of  0°F).  Deicing 
is  presumed  to  occur  when  the  leading  edge  of  the  erosion  shield  reaches 
32°F.  The  sawtooth  effect  is  due  to  the  variation  in  spanwise  heat 
transfer  coefficient,  the  kinetic  temperature  rise,  and  the  variation 
in  power  density  for  each  zone.  Near  the  inboard  end  of  each  segment 
the  kinetic  rise  is  a minimum,  and  this  results  in  the  longest  required 
time  to  raise  the  surface  temperature  to  32°F  for  end  zone.  While 
Zone  1 has  the  lowest  power  density,  it  still  requires  the  least  power 
ON  time.  Basically,  however,  the  expected  deicing  time  is  13  seconds 
at  160  volts,  7 seconds  at  200  volts,  and  5 seconds  at  230  volts.  This 
compares  with  allowable  ON  times  (from  an  overheat  standpoint)  of  22 
seconds,  13  seconds,  and  8 seconds,  respectively.  Thus,  there  is  a 
satisfactory  safety  margin  available  for  normal  system  functioning. 

It  is  to  be  noted  that  the  required  deicing  time  is  based  upon  the 
highest  heat  transfer  rate  (at  a given  station),  which  occurs  at  the 
leading  edge,  and  overheat  is  based  upon  the  minimum  heat  transfer 
coefficient,  which  occurs  approximately  one  inch  aft  of  the  leading 
edge  on  the  lower  surface.  The  lowest  heat  transfer  coefficient  occurs 
at  the  start  of  boundary  layer  transition  between  laminar  and  turbulent 
flow  (assumed  to  occur  at  a local  Reynolds  number  of  500,000).  Aft  of 
this  location  the  heat  transfer  coefficient  increases;  and  forward  it  is 
also  higher,  being  a maximum  at  the  stagnation  point.  The  heat  transfer 
coefficient  also  varies  spanwise  due  to  the  variation  of  blade  ->reloeity 
with  blade  radius.  Therefore,  a parametric  analysis  of  temperature  rise 
with  heat  transfer  coefficient,  power  density  (watts/in  ),  and  power  ON 
time  was  performed.  Figure  13  shows  the  temperature  distribution  through 
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Figure  12.  Calculated  Effect  of  Voltage  on  the  Time  Required  To  Deice  the  Main  Rotor 


. 10WATT8/IM2  AFTER  4 CYCLES  OF  10  SECS  ON  AND 
100 SEC  OFF  AND  10 SEC  ON  OF  8TH  CYCLE 


the  heating  element  assembly  and  blade  for  10  seconds  ON  after  the 

5th  deicing  cycle  (100  seconds  OFF  betveen  cycles).  An  OFF  time  of 

100  seconds  represents  the  shortest  possible  OFF  time.  Multiple 

cycles  were  examined  because  a "steady  state"  cycle  is  generally  not 

achieved  on  the  first  one  due  to  heat  storage  in  the  D-spar.  Since  the 

temperature  rise  of  the  system  is  linear  with  power  density.  Figure  13 

can  be  applied  for  each  of  the  various  heating  zones  along  the  blade 

2 

and  for  each  volt  tge  by  using  the  correct  multiple  of  10  watts/in 

P 

(i.e.,  the  temperature  rise  for  20  watts/in  is  double  the  value  shown). 

For  design  purposes,  the  overheat  criteria  which  have  been  used  are  a 
maximum  allowable  heater  element  temperature  of  300°F,  a blade  surface 
(D-spar)  temperature  of  200°F,  and  the  interface  bond  line  (between 
the  deicer  assembly  and  the  fiberglass  layup  on  the  blade)  temperature 
of  200°F . (Note  in  Figure  13  the  very  close  relationship  between 
interface  and  clad  temperature . ) To  determine  maximum  permissible 
power  ON  times,  an  ambient  temperature  of  50°F  was  assumed.  The 
allowable  power  ON  times  for  each  of  the  three  system  voltages 
(22  seconds  at  l6o  volts,  13  seconds  at  200  volts,  and  8 seconds  at 
230  volts)  were  established  at  Zone  6 (in  the  doubler  area).  Table  1 
shows  the  ciitical  temperatures  on  the  other  zone  locations  and  indi- 
cates a substantial  margin  outboard. 

As  a final  level  of  protection  against  overheating,  three  instrumentation 
thermocouples  installed  on  one  of  the  main  rotor  blades  for  thermal 
measurements  (as  a part  of  the  experimental  UH-1H  flight  test  program) 
were  used  to  provide  a warning  of  any  blade  problem  by  illunlnatlng  a 
caution  light  in  the  cockpit. 

The  thermocouple  blade  temperature  monitoring  system  as  used  in  the 
UH-1H  consisted  of  the  following: 


• Chrome  1 - const ant an  thermocouple 

• Solid  state  ♦ 32°F  reference  Junction 

• Vector  - Aydin  Co.  low-1 eyel  VCO 

• Vector  - Aydin  Co.  mixer-amplifier 

• Discriminator 

• Voltage  comparator 

• Cockpit  caution  light. 


TABLE  1.  MAXIMUM  SYSTEM  TEMPERATURES,  °F 

160  Volts 

200  Volts 

230  Volts 

Zone 

Heater 

Element 

Interface 

Heater 

Element 

Interface 

Heater 

Element 

Interface 

1 

99 

81 

112 

86 

110 

83 

2 

116 

92 

131 

98 

127 

91 

3 

lk3 

111 

160 

117 

155 

105 

k 

165 

126 

181* 

13»t 

172 

119 

5 

195 

ll»6 

208 

151 

186 

131 

6 

300 

200 

300 

200 

300 

200 

The  output  of  the  VCO  mixer-amplifier  receiving  the  thermocouple  input 
Is  discriminated  by  three  discriminators  which  in  turn  are  connected  to 
a voltage  comparator  circuit.  This  circuit  performs  three  functions: 

1.  Sets  and  detects  the  overheat  temperature  points, 

2.  Performs  a logic  "OR”  on  the  four  temperature*  signals,  and 

3.  Drives  the  caution  indicator  light. 
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The  temperature  overheat  set  points  are  individually  adjustable  from 
♦125°F  to  +l65°F.  Since  the  thermocouples  operate  into  an  "OR"  logic 
gate  circuit,  any  one  of  the  three  thermocouples  will  provide  an 
output  signal  to  operate  the  caution  light  system  when  the  reference 
temperature  is  exceeded.  Further  details  of  the  temperature  sensing 
system  are  discussed  in  Section  3.0. 

2.3  HEATED  WINDSHIELD 


When  operating  in  cold-weather  conditions,  it  is  necessary  that  both 
the  pilot  and  copilot  have  windshield  areas  that  are  clear  of  ice, 
frost,  or  fogging  so  that  flight  vision  can  be  maintained.  The  most 
effective  means  of  maintaining  clear  vision  is  to  electrically  heat  the 
critical  areAof, the  windshield.  A laminated  glass  windshield  having 
a transparenvelectrical  resistance  heating  area  was  selected  as  the 
best  means  of  accomplishing  this.  Compared  to  plastic,  a glass 
windshield  has  much  greater  heat  conductivity  and  has  far  superior 
resistance  to  windshield  wiper  abrasion. 

Each  windshield  consists  of  two  thin,  ct;rved  plies  of  glass  laminated 
together  with  a tough  polyvinyl  butyral  plastic  interlayer  giving  a 
"safety  glass"  construction.  A resin-impregnated  fiberglass  edge 
retainer  is  used  for  mounting  the  windshield  into  the  helicopter  fuse- 
lage frame.  The  windshield  is  depicted  in  Figure  lU. 

The  glass  plies  are  made  by  stacking  two  sheets  of  plate  glass  together 
and  heating  until  slightly  soft,  at  which  point  they  simultaneously  sag 
to  contour  on  a curved  form  to  provide  a matched  fit.  The  curved  glass 
panes  are  cut  to  size  and  edge  finished.  The  glass  plies  are  reheated 
to  approximately  1000°F  and  rapidly  chilled  under  controlled  conditions 
t.o  give  a tough,  semi  tempered  condition.  Sheets  of  polyvinyl  butyral 
plastic  are  placed  between  the  glass  plies.  Each  glass  ply  is  0.10  Inch 
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thick*  and  the  polyvinyl  butyral  is  0.080  inch  thick,  giving  a 
total  windshield  thickness  of  0.280  inch.  Polyvinyl  butyral  was 
chosen  as  the  laminating  interlayer  because  of  its  toughness,  excellent 
bond  to  glass,  and  history  of  good  service.  The  polyvinyl  butyral 
has  strong  adherence  to  the  glass  surfaces,  and  holds  the  glass  frag- 
ments from  flying  in  the  event  of  breakage  or  projectile  penetration. 

A fiberglass-plastic  laminate  is  installed  around  the  edge  of  the 
glass  plies  to  act  as  protection  for  this  critical  area  and  to  provide 
the  structure  by  which  the  windshield  is  installed  in  the  helicopter. 
Localized  mounting  stresseL  are  absorbed  by  the  flexibility  of  this 
fiberglass-plastic  laminate  to  avoid  point  loadin,  the  edge  of  the 
glass.  The  laminate  is  drilled  to  accept  mounting  screws. 

The  UH-1H  winoahield  is  heated  in  a rectangular  section  of  800  square 
inches  across  the  center  of  the  windshield.  Under  moderate  icing 
conditions,  the  power  is  at  3.3  watts  per  square  inch, for  a total  of 
2640  watts.  The  voltage  will  vary,  as  it  does  for  the  deicing  system, 
from  160  volts  in  light  icing,  to  200  volts  in  moderate  icing,  and  to 
230  volts  in  heavy  icing  conditions,  as  determined  by  the  LVC.  If  rotor 
blade  deicing  is  tur  led  off,  the  voltage  supplied  to  the  windshields 
will  be  160  volts.*  This  power  level  Is  sufficient  to  melt  off  ice 
when  the  helicopter  Is  parked,  or  to  keep  ice  from  forming  in  the 
heated  area  during  any  cold  weather  conditions  that  could  be  encountered. 
In  addition,  the  heated  area  would  be  defogged  during  humid  weather.  To 
avoid  thermal  shock,  voltage  is  automatically  applied  at  160  volts 
for  one  minute,  and  then  automatically  set  to  the  voltage  corresponding 
to  icing  conditions. 


•Except  when  the  T/R  is  required,  at  which  time  the  voltage  will  be  200 
Vac, 
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lotting  Is  accos^lished  by  a transparent  tin  oxide  file  applied  on  the 
inside  surffcce  of  the  outer  glass  ply.  The  tin  oxide  flln  acts  as  an 
electrical  resistance  heating  element.  Single  phase  alternating  elec- 
trical current  is  fsd  through  copper  braid  wires  into  thin  silver  strip 
bim  bars  along  two  opposite  sides  (top  and  hot ton)  of  the  tin  oxide  file 
heating  area,  and  then  into  the  tin  oxide  flla. 

The  tin  oxide  (VESA)  flln  resistance  is  node  so  as  to  provide  a uniform 
power  density.  Variations  frost  the  average  do  occur,  however,  end 
Figure  15  shows  a typical  power  variation  over  the  surface.  The  power 
variations  are  controlled  so  that  the  coldest  area  will  still  anti-ice 
while  the  hottest  area  does  not  overheat.  The  heat  control  sensor 
ic  located  In  a region  of  average  power. 

Two  heat  sensors  of  very  fine  wire  are  laminated  into  the  polyvinyl 
butyral  inter luyer  Just  behind  the  tin  oxide  film.  The  resistance  of 
the  sensors  changes  with  temperature  so  that  the  control  system  can 
sens#  when  the  windshield  has  reached  78°P  and  cycle  power  ON  at  that 
point  (OFF  at  82°F).  Only  one  sensor  Is  connected,  the  second  iden- 
tical sense;*  is  a spare  in  case  of  failure  of  the  other  sensor.  The 
control  sensor  also  acts  as  an  over temperature  control  and  will  light 
a warning  light  on  the  pilot's  control  panel  when  the  windshield  reaches 
105°F  +J5°F,  and  will  turn  off,  and  lock  out,  all  power  to  the  affected 
windshield.  The  pilot  may  restore  power  by  momentarily  turning  the 
control  switch  off  and  then  on,  should  the  situation  require  this 
action. 

The  control  and  power  circuit, s for  each  windshield  are  completely  sepa- 
rate from  each  other  and  from  the  rotor  blade  deicing  systems.  Should 
a fault  develop  in  the  deicing  system,  or  in  one  windshield,  it  will 
always  be  possible  to  ute  at  least  one  panel. 
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Figure  15.  Typical  Windshield  Power  Density  Map. 


2.U  ICE  DETECTION 


Two  different  ice  detector/ icing  severity  meter  designs  are  installed 
on  top  of  the  caMn  area.  One  is  the  ultrasonic  type  and  the  second  is 
the  infrared  occlusion  type.  Both  sensors  include  aspirators  using 
engine  compressor  bleed  air  to  induce  the  ambient  cloud  across  the 
detector  during  hover.  The  output  of  either  sensor  is  displayed  on 
the  pilot's  control  panel  through  a meter.  The  detectors  are  installed 
on  masts  so  that  the  sensors  are  approximately  12  inches  away  from  the 
fuselage.  Each  of  the  sensors  requires  approximately  one-half  pound 
per  minute  of  engine  bleed  air  to  operate  the  aspirator.  The  principal 
benefit  of  the  aspiration  is  during  hover,  as  there  is  sufficient  ram 
airflow  across  the  sensing  system  during  cruise  to  assure  a sensitive 
sign'-''  . 

The  output  of  the  ultrasonic  system  is  a continuous  analog  voltage 
which  is  displayed  on  the  meter  in  terms  of  T (trace),  L (light), 

M (moderate),  and  H (heavy).  The  infrared  system  provides  one  of 
three  discrete  severity  signals  corresponding  to  L,  M,  or  H.  (L  will 
be  read  with  icing  intensities  up  to  the  threshold  of  M,  etc.) 

Figure  16  shows  the  installation  of  the  two  ice  detectors  on  top  of  the 
fuselage. 

2.5  SYSTEM  WEIGH1 


The  weight  increase  resulting  from  the  installation  of  all  new  equip- 
ment (excluding  flight  test  instrumentation)  and  the  modifications  to 
the  rotor  blade  is  279  pounds.  The  weight  of  the  flight  test  equip- 
ment is  567  poiinds,  resulting  in  a total  aircraft  weight  increase  for 
the  test  configuration  of  8U6  pounds.  The  weights  of  the  individual 
components  comprising  the  anti/deicing  system  for  the  test  aircraft  are 
shown  in  Table  2. 


Figure  1 C.  Ice  Detector  Installation 
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Table  2 shows  that  h6  pounds  is  included  for  main  and  tail  rotor 
heater  blankets.  This  weight  would  normally  be  adjusted  in  the 
blade  balance  for  a new  blade  design  so  as  to  achieve  a zero  net 
blade  weight  increase.  In  addition,  a weight  increase  of  3^  pounds  is 
shown  for  a change  to  the  heated  (glass)  windshield.  Of  this  increase, 
27  pounds  is  attributable  to  the  change  from  plastic  to  glass,  and  only 
7 pounds  (for  controls  and  wiring)  is  directly  attributable  to  heating 
of  the  (two)  windshields;. 

If  the  UH-1H  were  retrofitted  with  ice  protection  on  a production  basis, 
the  estimated  system  weights  would  be  as  shown  in  Table  3.  A compari- 
son of  the  two  tables  indicates  significant  component  differences  for 
the  main  rotor  blades,  sliprings,  and  electrical  generating  system. 

It  is  postulated  that  a production  blade  design  would  use  a tapered 
nickel  erosion  shield  on  the  main  rotor  blades  (from  0.03C  inch  at  the 
leading  edge  to  0.010  inch  at  the  trailing  edge  of  the  shield)  instead 
of  the  0.03C-inch  stainless  steel  erosion  shield  on  the  flight  test 
aircraft;  the  slipring  weight  would  be  reduced  by  virtue  of  eliminating 
the  rings  required  for  instrumentation;  and  the  electrical  generating 
system  weight  could  be  substantially  reduced  by  utilizing  a 12,000-rpm 
generator  instead  of  the  6600-rpm  machine  used  for  the  flight  test 
program. 

It  is  also  noted  that  Table  '!  itemizes  the  weight  effect  of  deleting 
tail  rotor  ice  protection,  as  flight  test  experience  has  shown  that  the 
engine  exhaust  heats  the  tail  sufficiently  to  prevent  tail  rotor  icing 
(an  least  with  the  standard  exhaust  configuration). 
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3.0  FLIGHT  TEST  INSTRUMENTATION 


Provisions  for  measuring  approximately  U5  parameters  were  incorporated 
Into  the  data  acquisition  system,  as  identified  in  Table  Instru- 
mentation was  installed  to  measure  main  and  tail  rotor  blade  loads,  rotor 
blade  surface  temperature , electrical  system  parameters,  and  basic 
aircraft  and  engine  performance  parameters.  It  is  to  be  noted  that 
Table  U identifies  approximately  65  measurement  items,  but  these  include 
k spare  thermocouples  and  U spare  strain  gauges  on  the  main  rotor  blade. 
The  strain  gauge  locations  were  selected  so  as  to  provide  a correlation 
with  data  obtained  on  previous  UH-1  flight  test  programs  and  also  to 
provide  an  indication  of  any  potential  blade  dynamic  problem.  Collec- 
tive handle  force  was  also  measured  to  determine  the  effect  of  blade 
eg  shift  on  boost-off  control  force  requirements.  Vibration  measure- 
ments (accelerometers)  were  also  made  to  correlate  with  basic  aircraft 
data  and  to  determine  If  a problem  exists  with  new  components  such 
as  the  ac  generator  and  the  main  rotor  sliprings. 

Icing  signals  from  both  the  ultrasonic  and  the  Infrared  ice  detectors 
were  also  recorded  as  well  as  displayed  (one  at  a time)  in  the  cockpit. 

The  thermocouple  locations  were  selected  on  the  b«*jis  of  measuring: 

• Maximum  blade  temperatures  - in  order  to  provide  surveillance 
of  potential  overheat  problems . Maximum  blade  temperatures 
(at  a given  rotor  station)  should  occur  at  the  aft  end  of  the 
chordwiBe  laminar  bounilary  layer  (the  location  of  minimum 
heat  transfer  coefficient).  It  was  estimated  that  this 
location  was  approximately  1 inch  aft  of  the  leading  edge 
on  the  lower  surface. 
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TABLE  k.  FLIGHT  TEST 


Meas. 

No. 

Paraneter 

Structural  Loads /Vibration 

S7000 

M.R.  Flapvise  Bending  6 Sta  35 

(R) 

S7001 

M.R.  Inplane  Bending  € Sta  35 

(R) 

S7002 

M.R.  Flapvise  Bending  6 Sta  150  (R) 

S7003 

M.R.  Pitch  Link  Load  (Blade 
Torsion) 

(R) 

S7001* 

C.P.  Collective  Handle  Force 

S7005 

M.R.  Flapvise  Bending  % Sta  23^  (R) 

S7006 

M.R.  Inplane  Bending  0 Sta  150  (R) 

S7010 

T.R.  Inplane  Bending  6 Sta  11 

(R) 

S7011 

T.R.  Pitch  Link  Load  (Elade 
Torsion) 

(R) 

S7012 

T.R.  Flapvise  Bending 
% Sta  21.5 

(R) 

D6000 

M.R.  Index 

(R) 

d6ooi 

T.R.  Index 

(R) 

D6002 

Collective  Handle  Position 

A300G 

Pilot  Sta.  Vibration-Vertical 

A3001 

Pilot  Sta.  Vibration-Lateral 

A3003 

Copilot  Sta.  Vibration-Vertical 

A3001+ 

M.R.  Gearbox  Vibration-Vertical 

A3005 

M.R.  Gearbox  Vibration-Lateral 

Where  Recorded  or  Displayed 


Tape  Cockpit  A.O.  Scope 


TABLE  U.  FLIGHT 


LIST  (Cont) 


Meas. 

No. 


Paraaeter 


M.R.  Gearbox  Vibration-Longitudinal 

AC  Generator  Vibration-Vertical 

AC  Generator  Vibration-Lateral 

T.R.  90°  Gearbox  Vibration-Vertical 

T.R.  90°  Gearbox  Vibration-Lateral 

C.G.  Vertical  Acceleration 

Main  Rotor  Slipring  Assy  Horic. 
Vibration 

Main  Rotor  Hub  Inplane  Vibration 
Ice  Protection  System 


R8001 

Icing  Severity  - Ultrasonic 

R8002 

Icing  Severity  - Infrared 

tUooo 

Total  Air  Temp.  (Oat) 

TLOOl 

M.R.  Blade  Temp  6 Sta  102 
6 1"  Lover 

TL002 

M.R.  Blade  Temp  % Sta  101. 25 
% 7"  lover 

TL003 

M.R.  Blade  Temp  § Sta  178 
% l"  Lover 

TU004 

M.R.  Blade  Temp  % Sta  169 
% 6"  Lover 

TU005 

M.R.  Blade  Temp  % Sta  83 
% 6”  Lover 

TL006 

M.R.  Blade  Temp  6 Sta  82.5 
% 1"  Lover 

Where  Recorded  or  Displayed 


Tape  Cockpit  A. 0.  I Scope 


TABLE  I*.  FLIGHT  TEST 


TltOOT  M.R.  Blade  Temp  g St*  1*5 

§ 0.5"  Lower  (R) 

1'4008  N.R.  Blade  Temp  § Sta  30  g L.E.  (R) 

TU0I0  T.R.  Blade  Temp  % Sta  35  g 2"  L (R) 

TU011  T.R.  Blade  Temp  % Sta  22 

€ .75"  L (R) 

TL015  R.H.  Windshield  Tenp  (Max  Watts/ In2) 

TU016  R.H.  Windshield  Temp  (Avg.  Watts /In2 

TU020  L.H.  Windshield  Temp  (Max  Watts/ In2) 

TL021  L.H.  Windshield  Temp  (Avg  Watts/ Ir2) 

E9019  M.R.  Heater  Signal  Voltage  (Equiv.  t< 
Stepper  Out  Voltage) 

E9018  M.R.  Heater  Controller  Output  Volts 
(A-C0) 

E9020  T.R.  Heater  Controller  Output  Volts 
(A-C0) 

E9012  L.H.  Windshield  Var.  Heater  Volts 
(A-C0) 

E9013  R.H.  Windshield  Heater  Volts  (A-C0) 
P5001  Engine  Inlet  Plenua  AP  (Avg  of  3) 
P5003  Engine  Bleed  Press  6 Aspirator 
TU026  AC  Generator  Cooling  Air  Out  Temp 
TU028  DC  Generator  Cooling  Air  Out  Temp 
TU029  Total  Air  Temp  (Rosement) 
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• Minimum  blade  temperature  - in  order  to  provide  information 

on  the  temperature  rise  required  for  deicing,  as  the  coldest 
chordvise  location  i';  rtjy  determine  the  energy  required 

for  ice  removal.  The  area  could  be  either  the 

leading  edge  or  tir:  aft  edge  of  the  heated  area  where  the 
boundary  layer  vould  be  expected  to  be  turbulent  (high  heat 
transfer  coefficient). 

• Special  ''problem*1  areas.  There  Is  a lA-inch  "unheated"  area 
on  either  side  of  the  production  skin  splice  at  station  83 
that  could  tend  to  be  a potential  ice  anchor  location. 

Figure  17  shows  the  location  of  the  main  and  tail  rotor  blade  thermocouples 

• Windshield  temperature  (both  pilot  and  copilot  panels)  at 
locations  corresponding  to  both  average  power  density  and 
maximum  power  density.  In  addition,  the  thermocouples  had 

to  be  located  so  that  they  were  out  of  the  area  of  windshield 
wiper  travel. 

Also  utilized  during  the  program  but  not  shown  in  Table  h were  tempera- 
ture indicating  stickers  (templates).  Up  to  100  at  a time  were 
installed  on  the  main  and  tail  rotor  blade  heaters  and  stabilizer 
bar  heaters  to  supplement  the  thermocouples.  These  stickers  (Fig- 
ure 18)  indicate  the  peak  temperature  experienced  during  a test  and 
are  useful  in  providing  an  indication  of  overheat  and  for  providing  addi- 
tional information  on  the  heat  transfer  properties  of  the  airstream 
over  the  rotor  blades  and  gyro  stabilizer  bar. 

A l6mm  motion  picture  camera  va*:  mounted  above  the  main  rotor  system, 
turning  with  the  rotor  and  bore-sighted  along  the  No.  1,  or  instrumented, 
blade  to  record  ice  accretion/ice  shedding  on  that  blade.  The  lens 
and  automatic  exposure  control  (AEC)  were  enclosed  in  a metal  housing 
to  protect  these  parts  from  the  icing  environment.  The  lens  and  AEC 
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viewed  the  blade  through  a window  which  vas  electrically  anti-iced,  in 
a manner  similar  to  standard  aircraft  anti-iced  windscreens.  A temper- 
ature sensor,  embedded  within  the  glass,  provided  a temperature  signal 
to  a monitor/control  circuit  which  turned  electrical  power  to  the 
window  on  at  10°C  and  off  at  27°C,  thus  cyclically  heating  the  unit. 
Control  and  switching  logic  electronics  were  also  contained  within 
the  lens  and  AEC  protective  cover  assembly.  Figure  19  shows  the 
camera  installation  atop  the  main  rotor  slipring/instrumentation 
housing. 

The  electrical  system  parameters  were  measured  primarily  for  diagnostic 
purposes  to  assist  in  troubleshooting  in  the  event  of  system  malfunc- 
tion. 

Engine  inlet  plenum  pressure  was  measured  in  order  to  monitor  the 
effect  of  possible  ice  buildup  on  the  engine  inlet  screens. 

The  primary  data  acquisition  system  installed  in  the  aircraft  was  a 
lU-track  frequency  modulation  (FW)  tape  recorder.  This  was  supple- 
mented by  a small  photopanel  and  added  specialized  instruments 
in  the  cockpit.  Four  on-board  oscilloscopes  were  also  utilized  to 
monitor  in  flight  potentially  critical  main  and  tail  rotor  loads  in 
real  time.  A block  diagram  of  the  complete  data  acquisition  system 
is  sho’-m  in  Figure  20.  As  shown,  the  major  subassemblies  of  the  data 
acquisition  system  are; 

• Main  and  tail  rotor  sliprings. 

• Proportional  bandwidth  voltage  controlled  oscillator  (VCO) 
chassis  and  power  supply  assemblies  mounted  in  the  rotating 
portion  of  the  main  and  tail  rotor  systems. 

• A 16mm  camera  mounted  above  and  rotating  with  the  main  rotor 
to  record  ice  accretion/ice  shedding  on  one  blade. 
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MAIN  ROTOR 


Figure  20.  Block  Diagram  of  Data  Acquisition  System 


• The  llj-track  FM  tape  recorder. 

• An  38  hole  photoreeording  automatic  observer  (A.O.)  panel. 

The  photopanel,  scopes,  tape  recorder  and  all  signal  conditioners  were 
mounted  in  standard  instrumentation  racks  located  in  the  left  and 
right  aft  cabin  portion  of  the  aircraft  (Figures  21  and  22) . 

The  data  ^uisition  system  was  controlled  from  a panel,  added  to  the 
cockpit  pedestal,  on  the  left-hand  side.  Mounted  with  the  instrumen- 
tation control  panel  was  a time-code  generator  which  provided  a digital 
readout  of  elapsed  time  to  the  flight  crew  and  an  TRIG-13  format  time 
code  for  recording  on  the  magnetic  tape.  Figure  ?3  shows  the  installa- 
tion of  the  control  panel  and  time-code  generator  on  the  forward  left- 
hand  side  of  the  pedestal. 

Signals  from  the  blade  sensors  were  transmitted  via  flexibly  mounted 
wire  runs  to  the  VCC's  and  their  associated  preamplifiers  located  on 
top  of  the  hub.  A small  bracket  at  the  root  end  of  the  rotor  blade 
provided  a mounting  for  chromel-constantan  thermocouple  reference 
Junctions,  strain  gauge  biasing  resistors  and  the  blade  disconnect  plug. 
The  composite  VCO  output  was  in  turn  transmitted  via  sliprings  and  wires 
to  the  tape  recorder  and  discriminators.  Noise  problem  effects  on  the 
signal  lines  were  minimized  due  to  the  high  level  output  of  the  VCO's. 
Power  supplies  mounted  in  the  rotating  systems  received  their  input- 
power  via  one  slipring  pair  and  provided  10  volt  dc  stable  excitation 
power  for  the  strain  gauges  and  thermocouple  reference  Junctions. 

The  nonrot.ating  measurements,  such  as  voltages,  current,  and  basic 
performance  parameters,  were  fed  directly  to  low  level  discriminators 
via  simple  L-pad  type  signal  conditioning. 

The  inflight  real-time  structural  loads  monitoring  system  provided  tne 
flight  crewmember/st ress  engineer  with  analog  displays  of  critical 
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Figure  23.  Cockpit  Flight  Teat  Instrumentation  and 
Ice  Detection  Control  Panel. 
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loads  measurements.  Typically  the  cathode-ray  tubes  received  their  input 
signal  from  strain  gauges  on  the  main  and  tail  rotor  blades  and  pitch 
links.  The  strain  gauge  signals  were  fed  through  VCO's  and  sliprings 
to  discriminators,  whence  the  analog  signal  was  routed  to  the  monitor 
scopes.  Sweep  generators  allowed  the  observer  to  synchronize  scope 
sweep  rate  with  rotor  blade  rpm, enabling  him  to  observe  IP  and  ? P load 
excursions  and  to  make  value  judgements  relative  to  safety-of-flight 
phenomena.  Typically  two  oscilloscopes  were  used  for  each  rotor 
system.  On  the  main  rotor  system,  flap  and  ehordwise  bending  at  blade 
station  35  were  displayed  jointly  on  one  screen  producing  a lissajou 
figure,  with  the  second  scope  displaying  pitch  link  load.  The  dis- 
criminators for  the  lissajou  pattern  were  built  as  a matched  set.  The 
tail  rotor  measurements  displayed  were  ehordwise  bending  § blade- 
station  11  and  pitch  link  load.  A fifth  oscilloscope  originally 
intended  for  vibration  (at  the  c.g.)  was  never  activated  since  discrimi- 
nator space  availability  was  relinquished  to  the  temperature  warning 
system.  A block  diagram  of  dhe  real-time  inflight  monitoring  system 
is  presented  in  Figure  ?U. 
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Figure  24.  Real-Time  Monitor  Scope  System  Block  Diagram. 


U.O  AIRWORTHINESS  TESTING 


The  first  tests  on  the  modified  aircraft  were  to  establish  the 
airworthiness  of  the  new  configuration  and  to  define  an  operating  enve- 
lope. The  tests  included  preflight  tiedown  testing  equivalent  to  whirl 
tests  of  a new  rotor;  flight  tests  evaluating  rotor  loads,  vibration 
characteristics,  flying  qualities;  and  complete  ice  protection  system 
tests  in  clear  air.  A tctal  of  3^.h  operating  hours  were  accumulated  on 
the  rotor  blades  and  the  other  installed  new  systems.  This  included  l't 
flights  and  15-3  flight  hours. 

l*.l  GROUND  TESTS 

Table  5 is  a summary  of  the  ground  tests  of  the  modified  rotor  system. 
Approximately  10  hours  were  accumulated  prior  to  the  start  of  flight 
testing. 

For  the  rotor  whirl  tests  the  complete  aircraft  was  installed  in  a 
fenced-in  rotor  whirl  test  area  (Figure  25).  The  aircraft  was  restrained 
through  the  external  sling  load  attachment  point  in  the  vertical  force 
direction  (rotor  lift)  and  through  a lateral  attachment  for  yaw  forces. 
Both  the  vertical  and  the  yaw  attachment  were  made  through  load  cells 
with  visual  readout  capability  in  the  cabin.  The  yaw  attachment  point 
on  the  aircraft  was  a specially  fabricated  form  collar  surrounding  the 
tail  boom  Just  forward  of  the  ^5-degree  gearbox  (Figure  26) . 

The  vertical  force  to  the  external  sling  load  attachment  point  was 
limited  to  UOOO  pounds  by  reference  to  the  load  cell  readout.  Lift  up 
to  70f  collective  was  possible  using  this  method  combined  with  ballasting 
the  aircraft  to  a gross  weight  of  9500  pounds. 
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TABLE  5.  LOG  OF  PREFLIGHT  GROUND  TESTS 

Date 

Test 

Hours 

Purpose 

Comments 

12-12-74 

1 

0.1 

First  run  with  modified 
tail  rotor  blades 

Satisfactorily 

accomplished 

12-12-74 

2 

1.7 

Envelope  expansion  of 
tail  rotor 

Satisfactorily 

accomplished 

12-20-74 

3 

0.1 

First  run  with  modified 
main  rotor  blades 

Instrument at ion 
problems 

1-4-75 

4 

0.5 

Envelope  expansion  of 
main  rotor 

Satisfactorily 

accomplished 

1-5-75 

5 

1.0 

Envelope  expansion 
including  boost-off 
evaluation 

Improved  boost- 
off  forces 

1-7-75 

6 

2.2 

Over speed  tests,  ac  gen- 
erator tests  vs  load 

Satisfactorily 

accomplished 

1-8-7S 

7 

4.3 

Blocked  engine  air  inlet 
and  endurance  running 

Satisfactorily 

accomplished 

9.9 

Total  run  hours  on  modified  system 

The  yaw  force  on  the  aft  fuselage  was  maintained  within  20  pounds  of  zero 
by  varying  tail  rotor  pedal  position  during  main  rotor  torque  changes. 

For  full  pedal  sweeps  both  left  and  right,  the  tail  rotor  thrust  was 
measured  and  reacted  by  a load  cell  and  yaw  restraint  at  the  45-degree 
gearbox. 

No  difficulty  was  experienced  operating  the  aircraft  over  the  full  rpm 
and  lift  range.  Monitoring  of  structural  loads  and  dynamic  characteris- 
tics was  accomplished  through  the  use  of  the  real-time  CRT  scopes 
installed  in  the  aft  cabin  area  of  the  aircraft.  The  aircraft  was 
manned  and  the  testing  conducted  by  a pilot  and  a flight  test  engineer 
in  the  pilot  and  copilot  seats  and  a structural  flight  test  engineer 
and  a dynamics  engineer  in  the  main  cabin  where  the  scopes  were  located. 
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Figure  2 6.  Test  Aircraft  in  Operation,  Showing  Lateral  Bar/Load  Cell  at  the  Tail 
for  Yaw  Restraint. 


The  ground  tiedown  testing  on  a preflight  rotor  qualification  program 
consisted  of  approximately  10  hours  of  operation.  The  purpose  of  this 
testing  vas  to  verify  rotor  stability  and  loads  as  well  as  to  provide  a 
reasonable  operating  background  prior  to  flight  testing  of  the  modified 
configuration.  Both  the  main  and  tail  rotors  were  separately  tested  over 
a wide  range  of  operating  conditions.  These  included: 

a.  Engine  overspeed  to  6900  rpm  or  almost  a 5f  margin  over  normal 
flight  operating  rpm. 

b.  Tail  rotor  thrust  over  its  full  range  of  blade  angle  travel,  and 
main  rotor  thrust  up  to  approximately  13,500  pounds  (T0JS  collec- 
tive). This  is  approximately  l-l/2g  of  lift. 

c.  Cyclic  and  collective  pulses  to  check  rotor  stability  and 
damping. 

d.  Speed  sweeps  from  engine  idle  (1*500  rpm)  to  maximum  allowable 
overspeed  (6900  rpm) 

e.  Testing  at  off -normal  rotor  rpm  (315-338) 

f.  Endurance  running  at  high  thrust  Bettings, 

As  previously  noted  in  Section  3 (Table  1*),  load  measurements  were  made 
at  the  following  locations: 

Main  Rotor 

a.  Inplane  bending  moment,  Sta.  35 

b.  Flapwise  bending  moment,  Sta.  35 

c.  Inpla >e  bending  moment,  Sta.  150 

d.  Flapwise  bending  moment,  Sta.  150 

e.  Flapwise  bending  moment,  Sta.  23** 

f.  Pitch  link  axial  load 

Tail  Rotor 

g.  Inplane  bending  moment,  Sta.  H 

h Flapwise  bending  moment,  Sta.  lU 

i.  Pitch  link  axitl  load 


I*. 1.1  Ground  Loads  and  Dynamics 

The  main  rotor  loads  measured  dming  ground  tests  were  well  within  limits, 
and  all  were  below  the  levels  measured  during  the  flight  tests.  For  this 
reason  the  ground  measurements  for  the  main  rotor  are  not  presented. 

The  tail  rotor  loads  measured  during  the  ground  tests  are  presented 
because  they  give  a good  indication  of  the  transient  dynamic  response 
during  tail  rotor  pedal  sweeps.  Since  the  airframe  is  held  in  yaw  during 
the  ground  test,  full  pedal  sweeps  can  be  made  without  considering  the 
effect  on  aircraft  attitudes.  The  cyclic  loads  measured  during  these 
sweeps  are  plotted  against  rpm  and  are  shown  in  Figures  27  through  29.  The 
three  measured  cyclic  loads  presented  are  below  the  maximum  loads  meas- 
ured on  a standard  aircraft  in  level  flight  conditions  and  are  also  below 
the  maximum  design  loads.  These  data  are  presented  in  Figures  30  through  32. 
(Unfortunately,  directly  comparable  standard  aircraft  ground  test  data 
are  not  available . ) 

Vibration  levels  at  several  points  on  the  airframe  were  recorded  during 
rpm  sweeps  on  the  vehicle  while  in  the  tie  down  configuration.  These 
runs  were  primarily  made  to  identify  blade  and  airframe  or  airframe  com- 
ponent natural  frequencies.  The  sweeps  were  made  at  a slow  rate, and 
natural  frequencies  were  idenxified  by  noting  the  frequencies  where  the 
recorded  loads  or  vibration  data  reached  a peak  value  in  amplitude. 

The  frequency  crossings  identified  on  the  main  rotor  are  summarised  in 
Table  6.  These  data  were  obtained  on  ground  test  No . 5 . A comparison 
of  the  above  frequencies  with  the  predicted  frequencies  (for  the  cyclic 
or  antisymmetric  response  and  for  the  collective  response)  shows  little 
difference.  This  is  true  for  the  3P  and  ^P  frequency  crossings  at 
110  rpm,  the  5P  crossing  at  23**  rpm  and  for  the  9P  crossing  at  238  rpm, 
which  compare  within  6 percent  of  the  computed  values.  The  IF  apparent 
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Figure  28.  Tail  Rotor  Flap  Bending  Mo— nt  at  Station  21. 5 During  Ground 
Tests  With  Deicing  Boots  Installed 
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Figure  3,:.  Tail  Rotor  Pitch  Link  Axial  Load  with  Standard  Rotor 
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TABLE  6.  MAIN  ROTOR  BLADE  FREQUENCIES  IDENTIFIED 
FROM  SPEED  SWEEPS 


Frequency 

Main 

Rotor 

RPM 

Measurement 

Comments 

CPS 

B 

11.0 

B 

220 

Flap  Bend  g Sta.  150 

Antisymmetric  Mode 

14.67 

D 

220 

Flap  Bend  g Sta.  150 

Collective  Mode 

19.5 

B 

234 

Pitch  link,  F150  & F35 

Antisymmetric  Mode 

22.0 

B 

330 

Flap  Bend  g Sta.  35 

Very  small  response 

35.7 

B 

238 

Flap  Bend  g Sta.  150 

Antisymmetric  Mode 

crossing  at  330  rpm,  however,  does  not  appear  to  have  any  hearing  on 
predicted  values.  Due  to  the  small  indicated  response,  therefore,  and 
subseqiient  flight  tests  which  showed  no  undue  response  at  4P  in  the 
operating  rpm  range,  it  is  expected  that  the  Up  response  at  330  rpm  was 
not  a true  frequency  crossing.  From  these  tests,  it  is  concluded  that 
there  are  no  significant  main  rotor  blade  resonances  within  the  operational 
rpm  range. 


The  RPM  sweeps  to  identify  the  tail  rotor  natural  frequencies  are  shown 
in  Table  7. 
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TABLE  7.  TAIL  ROTOR  BLADE  FREQUENCIES  IDENTIFIED 
FROM  SPEED  SWEEPS 


Frequency 

Tail 

Rotor 

RPM 

Measurement 

Comments 

ops 

P 

35.4 

2 

1060 

Flap  Bend  g Sta.  24 

Collective  mode 

4i.6 

2 

1250 

Inplane  Bend  § Sta.  11 

Mode  not  identifiable 

55.2 

3 

1100 

Flap  Bend  g Sta.  24 

Antisymmetric  mode 

Flap  Bend  § St a.  24 


118.8 


6 


1190 


Collective  mode 


The  2P  collective  flap  mode  frequency  at  1060  rpm  is  within  15  percent 
of  the  predicted  value,  and  the  6P  crossing  at  1190  rpm  is  within  9 per- 
cent of  the  predicted  frequency.  The  2 P response  at  1250  rpm  would 
exactly  duplicate  the  analysis  if  the  response  were  cyclic.  The  2P 
response,  however,  is  usually  collective  on  a two-bladed  rotor,  and  the 
instrumentation  did  not  permit  resolution  of  this  question. 

The  3P  frequency  crossing  at  1100  rpm  was  within  20  percent  of  the 
predicted  value.  As  would  be  expected,  the  tail  rotor  frequencies  would 
be  difficult  to  predict  due  to  the  influence  of  the  aft  fuselage  dynamics. 
The  test  results  do  show,  however,  that  the  tail  rotor  is  free  from 
blade  resonance  within  the  normal  operating  speed  range. 

One  additional  observation  is  that  during  the  tiedown  test,  the  maxi- 
mum tail  rotor  oscillatory  load  occurred  in  chordwise  bending  at  or  near 
the  cyclic  inplane  natural  frequency  at  nearly  a steady-state  amplitude. 
There  was  insufficient  instrumentation  to  determine  whether  the  response 
was  cyclic  or  collective.  The  magnitude  of  the  response  was  of  the 
order  of  700  to  600  inch-pounds  and  reached  values  of  up  to  1100  inch- 
pounds  in  pedal  sweeps  and  transiem.  pedal  inputs.  This  is  discussed 
further  in  Section  4.2.2. 

Several  frequency  crossings  were  identified  on  the  airframe,  gearboxes 
and  accessories  during  the  speed  sweeps,  and  these  are  summarized  in 
Table  8.  It  should  be  noted  that  the  lowest  frequencies  would  be  most 
influenced  by  the  tiedown  configuration.  No  effort  has  been  made  to 
identify  the  airframe  modes  excited  since  sufficient  data  were  not  avail- 
able. No  resonances  were  observed  within  or  near  the  normal  operating 
speed  range  during  the  ground  runs  and  in  subsequent  flight  tests,  indi- 
cating that  the  modifications  made  to  the  aircraft  have  not  adversely 
affected  the  airframe  and  airframe  component  dynamic  response. 


TABLE  8.  AIRFRAME/ACCESSORIES  VIBRATION  RESPONSE 

FREQUENCIES  IDENTIFIED  FROM  SPEED  SWEEPS 

Frequency 

' 

(qp«) 

Measurement  Location 

lU,  30.7,  73 

Tail  Rotor  Gearbox  Longitudinal  Acceleration 

7.2,  13.8,  30. T 

Pilot  Vertical  Acceleration 

7.2,  13.7,  30.7 

Copilot  Vertical  Acceleration 

30.7 

Pilot  Longitudinal  Acceleration 

51 

Tail  Rotor  Gearbox  Lateral  Acceleration 

k2 

Generator  Vertical  Acceleration 

80 

Main  Rotor  Gearbox  Lateral  Acceleration 

1*5 

Generator  Lateral  Acceleration 

23.2 

Tail  Rotor  90°  Gearbox  Vertical  Vibration 

h.2  FLIGHT  TESTS 

Table  9 presents  a log  of  the  flight  tests  conducted  for  airworthiness . 
Eleven  flights  and  approximately  11  flight  hours  were  involved. 


Flight  tests  were  conducted  over  the  operational  speed-altitude  envelope 
at  gross  weights  and  c.g.'s  to  establish  permissible  loadings  for  the 
icing  test  program  to  cover: 

a.  Crew  loading  of  four  plus  some  added  cargo  — forward  c.g. 

b.  Crew  loading  of  four  (pilot,  copilot  and  two  observers),  or 
equivalent  cargo  — assumed  icing  test  loading. 

c.  Crew  loading  of  three  (pilot,  copilot,  and  one  observer), 
or  equivalent  cargo  — mid  c.g, 

d.  Crew  loading  of  one  (pilot  only)  — aft  c.g. 
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TABU  9.  LOG  OF  AIRWORTHINESS  FLIGHT  TESTS 


Date 

Test 

Flight 

! 

Hours 

Purpose 

Comments 

1-12-75 

8 

1 

0.2 

Hover  and  low-speed 
evaluation 

Satisfactorily 

accomplished 

1-12-75 

8 

2 

0.6 

Sideward  and  rearward 
flight 

Satisfactorily 

accomplished 

1-13-75 

9 

- 

Deicing  system  check 

Satisfactorily 

accomplished 

l-lk-75 

10 

3 

0.6 

Autorotation  rpm  check 

Satisfactorily 

accomplished 

1-17-75 

11 

U 

1.6 

Envelope  expansion  at 
aid  c.g. 

Satisfactorily 

accomplished 

1-18-75 

12 

5 

1.6 

Maneuvering  flight  - 
mid  c.g. 

Satisfactorily 

accomplished 

1-18-75 

13 

6 

0.5 

Low-speed  evaluation  - 
aft  c.g. 

Satisfactorily 

accomplished 

1-18-75 

13 

7 

1.5 

Envelope  expansion  - 
aft  c.g. 

Satisfactorily 

accomplished 

1-19-75 

lU 

8 

O.U 

Low- speed  evaluation  - 
forward  c.g. 

Satisfactorily 

accomplished 

1-19-75 

lU 

9 

1.5 

Envelope  expansion  - 
forward  c.g. 

Satisfactorily 

acomplished 

1-19-T5 

15 

10 

1.1 

Envelope  expansion  - 
10,000  feet  - forward 
c.g. 

Satisfactorily 

accomplished 

1-20-75 

16 

- 

- 

Check  run  without  hub 
camera  on. 

Satisfactorily 

accomplished 

1 1-20-75 

17 

11 

1.2 

Envelope  expansion 
without  hub  camera; 
first  inflight 
deicing  system  oper- 
ation; B4I  checks 

Elec,  short 
to  ground 
experienced  in 
wiring  to 
blade  heater 

10.8  Total  airworthiness  flight  hours 

11  Total  nuniber  of  airworthiness  flights 


The  test  aircraft  was  weighed,  and  the  balance  was  checked  prior  to  the 
start  of  the  airworthiness  flight  testing.  Table  10  defines  the  weight 
and  c.g.  for  each  configuration  and  the  assumed  icing  test  loading. 

These  loadings  and  the  travel  of  center  of  gravity  with  fuel  usage  are 
shown  on  Figure  33.  Also  shown  on  the  curves  are  the  stert  and  end 
conditions  of  each  of  the  airworthiness  flights  conducted.  Tests 
were  conducted  to  evaluate  handling  qualities  and  structural  loads/ 
dy.amic  characteristics  at  each  of  the  loadings  identified  as  Configura- 
tion A,  C,  and  D. 

Figures  34  through  37  show  each  of  the  speed-load  factor  conditions 

tested.  Noted  on  the  curves  are  the  operating  conditions  of  rotor  rpm 

and  maneuver  conducted.  The  load  factor  demonstrated  is  equivalent  to 

a 45-degree  banked  level  turn  to  90  KCAS,  decreasing  to  a 30-degree 

banked  level  turn  at  V . This  is  more  than  a practical  usable  raaneu- 

max 

vering  envelope  for  the  UH-1H  aircraft  in  normal  operations . V y 


TABLE  10.  AIRCRAFT  WEIGHT  AMD  BALANCE  SURVEY 

Pounds 

C.G.  Station 

Basic  Weight  of  Test  Aircraft 
(UH-1H  S/N  70-16318  as 
Modified) 

6199 

144.1 

Plus  Pilot,  Engr.  Observer  and 
Aft  C.G,  Ballast 

6661 

141.4 

Plus  Full  Fuel 

8020 

143.3 

Config.  D 

Plus  Copilot  and  1 Observer 

8160 

139.8 

Coufig.  C 

Plus  Copilot  and  2 Observers 

8480 

137.7 

Config.  B 

Plus  Copilot,  2 Observers,  and 
3U0  LB. 

8825 

1 

135-0 

Config.  A 
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C.C.  NORMAL  ACCELERATION,  «'• 


WAVQ  “ M7°  L*  C.O.  • 1M.0  IN.IFWO) 


HD  - 1 300  FT  BELOW  40  KCAt 
Hd  • WOO  FT  ABOVE  40  KCAt 


Figure  3U.  Airopaad  - Load  Factor  Envoi ape  - Configuration  A. 
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Figure  36.  Airspeed  - Load  Factor  Envelope  - Configuration  E. 


Figure  37.  Airspeed  - Load  Factor  Envelope  - Configuration  A wt  11,000  Ft-*. 


demonstrated  was  equivalent  to  the  published  V„_  in  the  Operator’s 
(1)  NE 

Manual  . Very  little  if  any  difference  was  noted  in  the  handling/ 

dynamics  characteristics  from  the  basic  (unmodified)  UH-1H. 

Data  were  obtained  at  a hover  height  of  approximately  ? to  3 feet  and 

were  within  the  hover  torquemeter  check  requirement  toleianee  of  the 

(?) 

maintenance  check  flight  as  set  forth  in  the  Maintenance  Manual' 

In  level  flight,  data  were  obtained  in  the  70  to  90  KCAS  range  at  an 
altitude  of  5*000  feet.  The  results  reflected  seme  data  scatter  and 
indicated  an  increase  in  equivalent  flat  plate  area  of  2 to  5 square 
feet  when  compared  with  the  level  flight  data  presented  in  Reference  (2). 
These  data  are  considered  to  be  semi quant  it  at ive  since  there  was 
no  performance  baseline  established  with  the  unmodified  I'H-IH  test  air- 
craft, This  drag  increase  does  reflect  approximately  the  increase  in 
power  required  of  the  test  aircraft  due  to  the  installation  of  modified 
main  and  tail  motor  blades,  two  sets  of  external  sliprings,  a hub 
camera, and  two  roof-mounted  ice  detectors. 

Envelope  expansion  testing  was  basically  conducted  in  two  parts  for 
each  center  of  gravity  location  tested: 

a.  Hover  and  I.ow-Speed  Flight:  These  tests  were  conducted  from 

hover  t0  approximately  50  KCAS  at  field  elevation  (2,350  feet). 


(1)  Anon.  "Operator's  Manual  Army  Model  UH-1D/H  Helicopters,  TM  55- 
1520-210-10,  25  August  1971. 

(2)  Anon.  "Organizational  Maintenance  Manual  Army  Model  UH-1D/H 
Helicopters;  TM  55-1520-210-20 , 10  September  1971. 


b.  Inflight  Teats:  These  tests  were  conducted  at  a pressure 

altitude  cf  approximately  r ,COC  fee*  for  all  c.g.'s  te.-t»i  a* 
speeds  from  SC  K'AT  tc  . At  1 fee*,  ♦ tests  v*  r-e 

conducted  at  a c.g.  location  chosen  ot.  the  basis  of  test  .—  suits 
obtained  at  C,00C  feet.  Since  ns  c.g.  loading  was  fcur.i  *c  le 
critical,  the  tests  were  conducted  at  the  heaviest  normal 
loading  and  resultant  c.g.  location. 

The  actual  conditions  evaluated  during  hover  and  lew-speei  flight  and  for 
inflight  testing  a**e  listed  in  Tables  11  and  1.  , respectively.  All  air- 
worthiness tests  ir.  hover,  low-speed,  ar.d  forward  flight  were  cunducte; 
in  a buildup  fashion,  incrementally  increasing  the  sine  cf  the  centre  1 
input  in  ea  v axis  until  the  response  of  the  aircraft  was  mere  than 
sufficient  tc  evaluate  damping,  controllability,  at.  i control  margins. 
Sideward  and  rearward  flight  characterise i or  were  evaluated  using  a 
calibrated  pace  vehicle  to  determine  the  actual  speeds  for  'cr.fi gura- 
tior.s  A,  T and  C.  The  control  motions  and  response  in  transition  an i 
the  control  margins  at  speeds  up  tc  *0  kne^s  in  sideward  and  rearward 
*light  are  similar  to  these  of  a standard  TH-1H  he' i copter . Autortt a* ion 
entries  wtre  conducted  over  a speed  r_r.ge  from  he  *c  approximate';,- 
106  KCAS  at  5 ,000  feet  for  each  c.g.  configuration  tested  ar.d  from  lo 
to  90  KCAS  at  1G,G0C  feet,  and  rotor  speed  rpm  control  in  autcrotaticr. 
was  satisfactory  at  all  conditions  tested. 

The  assessment  of  handling  qualities  f'-**  th°  modified  "H-1H  helicopter 
was  cased  primarily  on  quai  1 1 ? t i vc  evaluation  by  the  pile*  who  received 
his  familiarization  training  in  the  standard  i'H-lH  helicopter  Just  prior 
to  this  test  program.  As  part  of  his  training,  *he  pilot  flew  the  same 
basic  flight  cards  that  were  used  in  envelope  expansion  testing  of  *he 
modified  UH-1H  helicopte.-  {this  provided  a baseline  for  comparison  wi  .h 
each  planned  test  condition).  In  areas  where  the  pilot's  comments  eculu 
be  compared  with  published  test  data,  trends  -^f  coi.trcl  motion  ar.d 
response  were  verified.  The  pilot’s  consents  or.  the  modified  configura- 
tion are  contained  in  Section  U.2.Z. 
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TABLE  11.  SIAMABY  OF  LOW  SPEED  CONDITIONS  FOR  FLYING  QUALITIES  EVALUATION 


Acceleration 
50  KCAS 


TABLE  12.  SIMIARY  OF  INFLIGHT  CONDITIONS  FOR  FLYING  QUALITIES  EVALUATION 


A 


TABLE  12.  SUM4ARY  OF  1IFLIGHT  COEPITIOiS  FOR  FLYIiG  QUALITIES  EVALUATIOl  (Cont) 


The  load  factor  - airspeed  envel oper  presented  in  Figures  3^  through  37 
were  also  expanded  in  an  incremental  manner.  The  load  factors  at  each 
speed  wer»  obtained  by  performing  rollercoaster,  windup  descending  turns, 
at.  i constant-altitude  turns.  No  evidence  o'  blade  stall,  as  would  be 
indicated  by  increasing  vibration  levels,  was  reported  for  any  of  the 
high  positive  lot.-l  factor  maneuvering  conditions.  Handling  qualities 
were  also  evaluated  during  typical  operational  flight  conditions  such  as 
climbs,  powered  descents,  autorotat ions , power  recoveries,  rolling 
pullouts,  boost-,  ff  opera*  i n , and  joint-to-p.  ir.t  rolls.  The  flight 
qualities  and  control  margins  of  the  modified  ”H-1H  helicopter  are  con- 
sidered to  be  saMsfactcry  over  the  tested  flight  envelopes  for  each 
weight  and  center  of  gravity  configuration. 

Measurements  were  made  *c  evaluate  the  boost-off  forces  with  the  modified 
blades  due  to  *he  relatively  high  forces  of  the  basic  UH-1H  and  the  ccr.- 
cern  over  the  effect  of  blade  c.g.  st.ift  due  to  the  deicer  boots.  Design 
changes  were  incorporated  in  the  modified  blades  tc  specifically  achieve 
equivalent  cr  lover  -ollective  forces. 

Collective  handle  force  versus  collective  position  taken  ir.  flight  at 
70  knots  is  shewn  in  Figures  3$  and  39  for  the  standard  blades  and  the 
modified  blades,  respec  ively.  These  da*a  show  the  following  comparison: 


Standard  Plades 

Modified  Blades 

a. 

Collective  Position  for 

3 MS 

30* 

Zero  Force 

b. 

F iree  Gradient  (LB/percent  •) 

23 

lU 

c. 

Pull  Force  To  Reach  70J 

86  lb 

57  lb 

d. 

Push  Force  To  Reach  Of 

76  lb 

U2  lb 

COLLECTIVE  HANDLE  FOftCE.  LI 


Thu’,  the  ia*a  show  that  t lie  f >roe  rradlen*  I.-  reduced  hj  | r<  x Ir.a* 

1*0* , at.d  ’here  1.;  a reduot  jot.  of  the  down  (push)  force  required  *m  rea  *h 
full- t wn  collect  ive  - f hs*  ( fr  ’*r.  7*'  pounds  to  U.“  pounds) . ’The  jull 
force  *o  r^H-'h  70*1  cr  1 lei**  i v>  I:'  reduced  fror.  8*>  pounds  *r  ‘>7  pounds, 
or  a <1*^  reduo*  i or. . 71  nee  ♦ he  r.axlntr,  pra.tioal  pilo*  i wi.  effort 
♦o  be  Ir.  *he  1*0— hO  pour.  1 range*  the  pilot  alone  eanno*  {us!.  * •*>  tic-  run- 
down pr.'i’i't.  wi*h  s’ar.iarl  blades, bu*  le  ear.  wi*!.  * !.*■  f !»'  4 t 1 k l-  . 

Osl  lee*  I vo  ha..  ile  f roes,  a;!  shown  i:.  Figure  1«,;,  wer-  r/'asure.i  ■!' it* ! 
tiedown  t es* s . These  i!»*a  show  at.  Interesting  oorpur  i ,vt,  .*  f the  i ! f T‘*  r- 
ence  be*  w**<?t.  gro  «.  1 Ht.  i flight  load  It.#*,  which  i .•  * he  i ! ff*>r**r.  i:  rr  *.  •• 

coning  and  t.rque  fch'es. 

Mo i! fled  Fladoo  it*  Mtf.  1 ■;  i-dqwn  !r,H  igh* 

a.  Collective  for  Terr  For  *e  Tw 

!pcur.  is ) 

1.  Force  Jradien*  (lb,ir.  *h)  .'*• 


The  unusual  or  hysteresis  loop  of  the  force  versus  posit *cn 
to  '.he  look  ar.d  hold  sys*er.  . f the  wi.!.'!.  ir  designed 

cff  opera* lor.. 


curves  1.*  J. 
to  aid  bees". 


1* . 7 . 1 FI igh*  loads  at.d  Pyr.ar.  Ics 

All  the  r.alr  rotor  loads  treasure i during  * ne  !gh*  *«s*s  were  well  w!*! 
the  loads  measured  or.  the  standard  unnod  i f !e  1 r Vr  sys’or..  *a!  1 

rotor  steady  and  cyclic  loads  were  differer.*  fror.  *hose  measured  or.  the 
standard  aircraft  (MH-1D)  for  which  data  were  available.  The  ' -rparioor: 
showed  the  following  relative  to  standard  aircraft:  (l)  Increase  ir. 

r.ean  chord  bending  at  station  11,  (?)  increase  ir;  oscilla’ory  chord 
bending  at  atation  11  at  t given  speed,  and  (?)  equal  or  slightly  lower 
flap  equivalent  bending  at  station  71.5. 


..-ince  the  deicer  i ns*  al  . at  lot  has  ;i  na.-r  center  location  whir*).  !c 
f'irther  forward  t hut  *l  uf  of  ♦ho  vtar.dard  t all  rct->r  and  since  »hi  blade 
is  slightly  heavier*  a change  it.  ctealy  chord  nonet. t ic  to  b»-  expected. 
The  cyclic  moments  wculi  ale.-  he  expected  to  change  t i-  'H  ..t  f • •.*■ 
slightly  lower  tlai®  it.plune  frequency  . A o.r.jl**,.  fH-  hi.h’.vo  t o ••• t . 

made  of  the  highest  l,.air*  hi.  i nil  excesses  w.-re  w;4hl:  a.i  wall* 
fatigue  limits  ectabllshel  f r 4 he  c4 an  tar  i llnhc.  A r*’vi*w  f 
”H-1  model  men  curler.*  c us!  nr  4 he  oar.e  I ac  i • 4 a!  1 rot . r .»•••  f f :• 

the  TH-l'’  at.  i i'H-lM)  f.'ur.d  that  4 he  cyclic  s.cren*  v it.  vri  ,.s  flirh* 
maneuvers  were  «ell  nb.  v»*  th  ce  vc  *•  leu  luvit..*  4 he  deicer  ♦••o4  aVva4'4 
er.velcpe  4ectc.  The  1 at  levels*  *.*.►•  ref  while  • i **  t*-  >•  ;•  frsm  *:.• 
s*a».dard  "ri-lH,  are  cot. cl  i»M*ej  to  be  cat  ! c fact  cry  . This  I c j at*4  1 tir 
4 rue  ac  4 he  flaj  moments,  which  are  * he  j rim*'  fa" true  c t’rll.4  r,  •*••• 
a'*Ually  1 wer. 


The  malt. 

»* 

t ' r 

fin]  at. 

i r pi  at..'  1 a ic  at.  i i !*  ch 

1 it.k  lea  to  f-r  t t.o 

frvard  . 

V 

are 

rivet,  iv 

Firufe.-  *hr*urh  ‘ h . 

liter- ■ 1 -.  H ie  are  * yj  ; >u;  , 

ac  t he  m ! 

: i 

at.  i 

af4  V 1. 

* r>j. **  <» , ,*£♦.♦  ! *i ^ 1 y 

a4  th.  same  l»  V.'l  . The 

iatu  for  4w~  a'. 4 i 4 u ire  ,c  ' feet  u d I \'.'o  fee4.)  are  i rest?.4  ed.  Vcr 
oompariver.  purposes,  4 he  Ionic  measure!  ot.  the  otfit  dar.i  bind-  are  rivet, 
ir.  Figure.-  i.r  , V , H,  ‘ , :i  , ut.  i t-". 

A direct  overlay  ct mrarl c * t.  oh  wo  that  th-  \vcl  i c " <-?» are  lower  f r 
the  (deiced)  modified  Hale. 

The  tail  r.’r  1 a ic  are  chewr.  it.  Fig.tr*-.-  1 * t.r  ugh  * (f  r oorjari,' 
p lrpocec,  level-flirh4  l.ais  .f  o4at.inrd  air  'raf4  are  , ho-vt  it  F!rur«v 
through  *.  ).  r.  all  'urvec , a co’.'l  lir.e  ic  irawt.  between  4 !;>■  level-fiigh* 
poir.tr.  The  maximum  level-fligh4  speed  and  maneuver  t rat. r let.4  loa-t 
obtained  or;  the  unr.odii ied  blade  are  r.ark*-d  t.  4i,e  firunv.  All  cyclic 
loads  are  withir.  the  range  experienced  previously. 
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Figure  1*1.  Main  Rotor  Flap  Bending  Moment  at  Station  35  With 
Deicing  Boot  Installed  5,000  Ft.  Altitude. 
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Figure  42.  Main  Rotor  Inplane  Bending  Moment  at  Station  3)  With 
Deicing  Boot  Installed  - 5,000  Ft.  Altitude. 
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Figure  44,  Main  Rotor  Inplane  Bending  Moxent  at  Station  35  With 
Deicing  Boot  Installed  - 10,000  Ft.  Altitude. 
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Figure  45.  Main  Rotor  Flap  Bending 
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kaBent  at  Station  35  With  Standard  rtotor. 
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Figure  46.  Main  Rotor  Inplane  Bending  Maoent  at  Station  35 
With  Standard  Rotor. 
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Figure  47.  Main  Rotor  Flap  Bending  McMent  at  Station  150  With 
Deicing  Boot  metalled  - 5,000  Ft.  Altitude. 
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Figure  49.  Main  Rotor  Inplane  Bending  Moment  at  Station  150 
With  Deicing  Boot  Installed  - 5,000  Ft.  Altitude 
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Figure  50.  Main  Rotor  Inplane  Bending  Maeent  at  Station  150  With 
Deicing  Boot  metalled  - 10,000  Ft.  Altitude. 
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Flgur*  52.  rhin  Rotor  Inplan*  Banding  Mo— nt  at  Station  150 
With  Standard  Rotor. 
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Figure  53.  Mein  Rotor  Flap  Bending  Motnt  at  Station  234  With 
Deicing  Boot  Installed  - 5,000  Ft.  Altitude. 
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Figure  55.  Main  Rotor  Flap  Bending  Moment  at  Station  234 
With  Standard  Rotor. 
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Figure  57.  Main  Rotor  Pitch  Link  Axial  Load  With  Deicing  Boot 
Installed  - 10,000  Ft.  Altitude. 
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Figure  63.  Toil  Rotor  Pitch  Link  Axial  Load  With  Deicing 
Boot  Installed  - 5,000  Ft.  Altitude. 


Time  histories  of  main  rotor  blade  loads  at  107  Knots  CAS  are  shown  in 
Figure  65.  The  time  histories  show  the  harmonic  content  of  the  loads. 

A similar  set  of  data  for  tail  rotor  pedal  sweep  inputs  and  level  flight 
is  shown  in  Figures  66  and  67. 

Tall  rotoi  dynamics  were  also  evaluated  during  the  airworthiness  program. 

As  indicated  earlier,  the  predominant  tail  rotor  chord  moment  response 
measured  during  the  ground  run  was  at  or  near  the  lnplane  natural  fre- 
quency. Figure  66  is  a comparison  of  time  histories  of  measured  chord- 
wise  bending  moment  response  at  three  different  r ir speeds:  hover,  50  KCAS, 
and  101  KCAS.  It  is  seen  that  these  data  still  exhibit  some  response  at 
the  inplane  natural  frequency  of  approximately  1.6P  to  1.7P*  but  the 
response  is  predominantly  IP  with  some  ?P.  The  source  of  the  response 
at  the  1.6  tc  1.7P  frequency  has  not  been  identified.  However,  there 
was  no  apparent  change  in  its  characteristic  during  the  flight  program 
at  Edwards  and  at  Moses  Lake.  The  installation,  therefore,  i3  considered 
satisfactory. 

The  generator  lateral  and  vertical  vibration  were  also  determined  and 
found  to  be  below  the  5g  limit  for  0 to  1*0  Hz  and  the  lOg  limit  for  1*0  Hz 
and  above.  The  maximum  vibration  amplitude  occurred  at  the  rotational 
frequency  of  the  generator  (6600  rpm  at  normal  rotor  speed).  The  ampli- 
tude of  response  at  this  frequency  was  ♦ 1.5  g's.  There  were  also  bursts 
of  vibntion  that  occurred  basically  at  one-half  the  rotational  speed  of 
the  generator.  These  resulted  in  a maximum  level  of  vibration  response  of 
the  generator  of  ♦_ 1*  g's  at  infrequent  intervals.  The  steady  level  of 
vibration  due  to  both  frequencies  was  of  the  order  of  ♦ 2 to  3 g's. 

Lateral  vibration  on  the  top  of  the  sliprings  and  on  the  hub  below  the 
sliprings  was  measured  with  the  hub  camera  removed.  The  predominant 
vibratory  response  was  at  frequencies  of  either  IP  (5.1*  Hz),  or  IP 
(5.1*  Hz)  and  TP  (37*5  Hz)  combined.  The  maximum  IP  (5.1*  Hz)  vibratory 
response  was  encounted  during  transient  pulse  type  maneuvers,  and  the 
maximum  recorded  vibration  levels  were  5.3  g's  on  the  top  of  the  sliprings. 
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Figure  65.  Tracing  of  Main  Rotor  Load  During  Lrrol 
Flight  and  Pulss  Inputs. 
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Figure  68.  Toil  Rotor  Inplane  Bonding  Moment  Dynamic 
Response  With  Deicing  Boots  Installed. 
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and  U.9F  g’s  on  the  huh  below  the  si  i pr  ! tigs . The  maximum  combined  11’ 
(5.U  Hz)  ami  71’  ('1Y.S  Hr.)  vibratory  response  war  eucounted  in  normal 
flight  in  the  transition  region.  For  this  condit  ion,  the.'  vibrat  ion 
levels  encountered  on  the  top  of  the  sHpringr  were  l.tl  g’s  at 
IF  ( S . F Hz)  and  . .OS  g’s  at  7F  ('17.  S Hr.)  with  the  resultant  conbinu' ion 
of  the  IF  and  7F  of  1.90  g*s.  For  thir.  condition  t tie  naxim.um  levels 
on  the  hub  below  the  sliprlngs  were  1.01  g's  at  IF  ('>.),  Hr.)  and  O.SO  g' 
at  7F  (17.*’  Hr.).  The  vibration  levelr.  measured  were  lour,  than  the 
established  bp  limit. 

In  summary,  the  ai  rwort  hir.ess  load  and  . i brat  ion  measurement;’  demon- 
strated that  t lie  structural  ami  dynamic  oetif  Igurut  ion  of  the  modifies 
aircraft  is  satisfactory. 

F . g . J filot  Comments 

The  Lockheed  flight  test  pilot  1W  that  overall  general  Fan. 11  i up  qua 
ittes,  vibration  eharaeterist  ies  aid  general  capabilities  of  the  t'H-lu 
aircraft  have  not  been  noticeably  affected  by  the  installation  of  the 
modified  rotor  blades.  Tf  anything,  they  are  slightly  improved  it; 
that  the  vibration  level  during  high-speed  and  maneuvering  flight  seems 
to  be  reduced  and  does  not  increase  with  g loads  as  much  as  a basic 
UH-lti.  With  the  reduced  boost-off  forces,  the  pilot  states  tha'  lie 
would  not  hesitate  to  attempt  an  aut  orot  a*  i on  1 an  ling  >f  faced  with  a 
double  failure  situation.  Tin’  modified  electrical  system  procedures  do 
not  present  any  problem  in  operation..  The  following  paragraphs  present 
the  pilot's  comments  relative  to  the  various  flying  qualifies. 

Handling  Qualities 

Tue  overall  handling  qualities  in  all  flight  maneuvers,  loadings  and 
e.g.'s  tested  are  equal  to  those  of  a good  flying  wi  t h t ho  stan- 

dard main  rotor  and  tail  rotor  systems.  The  aircraft  had  ample  control 
margins  in  all  flight  maneuvers  tested. 


Vibration  Characteristics 


The  vibration  levels  in  all  flight  maneuvers,  loadings,  and  c.g.'s  tested 
are  equal  to  those  of  a good  flying  UH-1H  with  the  standard  main  rotor 
and  tail  rotor  systems . 

The  increase  in  the  vibration  levels  with  an  increase  in  "g"  loaa/3  appears 
to  be  a little  slower  to  build  and  not  as  severe  witn  the  modified  rotor 
systems . 

Boost-off  Operation 


Collective  forces  are  much  less  with  the  modified  rotor  blades  than  witn 
the  standard  bl; ies . There  were  no  problems  in  moving  the  collective 
control  from  flight  position  to  0 psi  torque  and  up  to  K8  psi  torque. 
Cyclic  forces  appear  to  be  less  and  tne  feedback  loads  reduced,  which 
gives  a smoother  movement  of  the  cyclic  ccntro”  . Tail  rotor  forces 
appear  to  be  a litfe  higher,  but  no  problem  was  experienced  in 
obtaining  full  travel  in  both  directions.  Although  the  tail  rotor 
forces  are  a little  higher,  he  aircraft  is  much  easier  to  fly  than 
the  standard  UH-1H  with  boost-off  and  can  be  handled  without  requiring 
any  assistance  from  a copilot  ( as  a result  of  the  reduced  force  require- 
ments on  the  collective  and  cyclic  controls). 

Autorotation 


Power  chops  were  accomplished  with  all  loadings  and  c.g.'s  tested  (from 
U5K  to  111K)  at  5000  feet  and  fr..r  OK  to  90K  at  10,000  feet  with  no 
problems  in  control  of  the  aircraft  or  rotor  decay. 

Py  count,  a 1>-  to  2-second  delay  was  used  before  taking  corrective 
action  on  the  controls,  and  a moderate  rate  of  movement  was  used  to  move 
the  collective  to  the  down  stop.  The  rate  of  build  in  rotor  rpm  was 
good  without  havinL  to  load  the  rotor  to  increase  the  rate  of  build  in 


135 


rotor  rpm.  At  high  gross  weight,  a snail  amount.  of  up-col lect.i ve  has  to 
be  used  to  control  the  main  rotor  rpr.  in  autcrotution  dosents;  this 
also  appears  to  be  a normal  condition  in  the  standard  b'H-lH. 

Collective  System  Cither 

On  the  ground  and  with  the  collective  control  on  the  downstop,  the 
collective  boost  cylinder  dithers  and  feeds  a control  input  It. to  the 
main  rotor,  causing  what  feels  tc  be  a moderate  P-cps  vibration.  The 
vibration  will  stop  with  a small  amount  of  collective  up  off  of  the 
downstop.  The  vibration  will  stop  when  the  hydraulic  boost  is  turned 
off,  and  it  will  start  up  again  when  the  boost  is  turned  or.  if  the 
collective  has  net  been  moved  from  the  position  that  causes  the  dither 
to  start.  This  condition  was  not  encountered  in  flight  with  the 
collective  on  the  downstop  or  with  attempts  to  trigger  it  with  small 
abrupt  collective  inputs. 

U.2.3  Engine  Inlet  Screen  blockage 

Also  obtained  during  airworthiness  testing  was  the  effect  cn  engine 
plenum  pressure  of  a partial  blockage  of  the  engine  inlet  screen  since 
it  is  expected  that  some  ice  would  form  on  the  screen  based  ci.  past 
experience  with  the  aircraft  in  icing.  A baseline  was  obtained  as  a 
function  of  collective  position  for  the  unblocked  UH-1H  side  air  inlets. 
Then  50  percent  of  the  side  inlets  were  covered  with  heavy  canvas  or.  a 
diagonal  from  the  upper  aft  corner  to  the  lower  forward  corner  (see 
Figure  69).  The  results  of  these  tests,  which  are  presented  in  Figure  7 
and  include  the  effect  of  inlet  blockage  on  engine  operation,  show  an 
increase  in  inlet  screen  differential  pressure  of  F.l  to  P.7  in.  of  H„-'. 

In  level  flight,  the  unblocked  engine  inlet  screen  AP  measured  6-7  in. 
of  H^C,  and  8 in.  of  H^O  with  climb  power.  A delta  increase  in  engine 
inlet  screen  differential  pressure  from  these  values  of  .?  in.  of  Ho0 
would  be  an  indication  that  an  engine  air  inlet  screen  blockage  equiva- 
lent to  50J6  of  the  side  screen  area  was  being  experienced.  It  is 


Figure  69.  Close up  of  Kngine  Air  Intake  Side  Screens,  Showing  Partially  blocked  Area 


Figure  70.  Engine  Inlet  Screen  AP  Calibration. 


estimated  that  the  plenum  pressure  could  be  allowed  to  be  27  inches  of  H^O 
(approximately  1 psi)  below  ambient  before  causing  a structural  problem, 
as  the  plenum  bulkhead  was  reinforced  for  this  program.  (The  structural 
limit  would  occur  before  a propulsion  limit  since  a 1— psi  reduction  in 
compressor  inlet  pressure  would  cause  only  a 6 percent  loss  in  power  at 
sea  level,  or  10  percent  at  10,000  feet.) 

U.2.U  Ice  Protection  System  Clear  Air  Testing 

Tests  were  conducted  in  clean  air  as  part  of  the  airworthiness  testing 
and  prior  to  any  tests  to  verify  the  functional  and  operational 
performance  of  the  ice  protection  system.  These  tests  included 
evaluation  of  the  modified  electrical  system,  windshield  and  stabilizer 
bar  heater  operation,  and  deicing  system  cycling  tests.  A log  of  the 
flights  is  shown  in  Table  13.  These  tests  were  conducted  on  the  test 
number  indicated  in  series  with  those  shown  in  Table  9. 

A discussion  of  general  operation  and  problems  encountered  is  covered 
in  Sec ci cn  6.6  and  6.7  for  the  electrical  and  deicing  system. 

U.2.5  Rotor  Blade  Thermal  Performance 

As  part  of  the  system  functional  performance  testing  in  dry  air  and  to 
assist  w'th  later  correlation  of  icing  tests,  temperature-time  histories 
were  obtained  foi  four  main  rotor  blade  stations  and  two  tail  rotor 
blade  stations.  These  are  presented  in  Figures  71  and  72.  Also  noted 
on  these  figures  is  the  power  ON  schedule  for  each  zone.  A comparison 
with  the  predicted  temperature  use  is  also  shown  for  these  rotor  stations. 
The  agreement  for  main  rotor  stations  1*5  (zone  VI)  and  178  (zone  III)  is 
excellent  and  is  fair  at  main  rotor  station  101.25  (Figure  71).  This 
thermocouple  is  0.1  inch  from  the  zone  boundary  and  is  affected  by 
conduction  through  the  erosion  shield  to  the  adjacent  zone.  Hence,  there 
is  some  preheating  from  zone  IV;  but,  conversely,  there  is  also  heat 
dissipation  to  zone  IV  after  it  is  deenergized.  At  station  83,  there  is 
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TABLE 

13.  LOG  or  ICE  PROTBCTIOH  SYSTEM  CLEAR  AIR  TESTS 

Date 

Test 

Flight 

Hours 

Purpose 

Comments 

1-29-75 

18 

- 

- 

Deicing  system  check- 
out after  blade  wiring 
repair 

Satisfactorily 

accomplished 

1-29-75 

19 

12 

1.7 

Dry  air  cycling  and 
EMI  effects 

Main  rotor 
cycling  o.k. 
but  tail  rotor 
not  cycling 

2-19-75 

20 

Deicing  system 
testing 

Overheated 
stab,  bar 
heater-damaged 

boot 

2-21-75 

21 

13 

1.9 

Deicing  system  dry  air 
cycling 

AC  generator 

dropout 

problems 

2-21-75 

*2 

14 

0.9 

Mod.  eonfig.  familiar- 
isation flight  with 
Govt,  pilot 

Satisfactorily 

accomplished 

2-24-75 

23 

• 

Track  and  balance  - 
standard  blades 
installed 

Satisfactorily 

accomplished 

2-25-75 

23 

15 

1.0 

Functional  check 
flight  - Ferry  eonfig. 

Satisfactorily 

accomplished 

3-3-75 

- 

- 

3.2 

Ferry  flight  to  Reno 

Satisfactorily 

accomplished 

3-4-75 

- 

- 

5.8 

Ferry  flights,  Reno  to 
Moses  Lake 

AC  generator 
reset  problems 

Total  operating  time  on  modified  configuration 

- 34.4  hour 8 

Total  number  of  flights  on  modified  configuration 

- 14 

Total  number  of  flight 

hours  on  modified  conf iguration  - 15*3 

140 


Figure  71.  Main  Rotor  Blade  Heater  Skin  Temperature  During  Dry  Air  Deicing 
Syetea  Test. 


a production  break.  Consequently,  there  is  a 1/U-inch  unheated  area  oti 
either  side  of  the  production  break  (to  provide  a trim  margin).  This 
unheated  area  vas  accounted  for  in  the  design  on  the  outboard  side  by  a 
1/2-ineh-vide  heating  element  which  is  energised  by  current  from  the 
common  ground  return,  thus  providing  heat  whenever  any  of  the  outboard 
zones  are  energized.  The  power  density  in  this  area  is  reduced  to  33  per- 
cent of  normal,  however,  to  prevent  overheat  due  to  tl  e relative  long 
power  ON  time  (equal  to  5 zones).  Thus,  the  temperature  rise  is  over 
a relatively  long  period  and  is  low  relative  to  the  other  deicer  areas. 

The  measured  and  predicted  tail  rotor  temperatures  are  compared  in  Fig- 
ure 72.  Two  factors  can  be  noted  with  respect  to  the  measured  values: 

(l)  the  initial  temperature  level  is  significantly  higher  than  predicted, 
and  (2)  the  curves  exhibit  an  Irregular  shape.  Thus,  it  appears  that  the 
measurements  were  affected  by  electromagnetic  interference  ( Eli  I ) , but 
it  is  not  known  how  this  influenced  the  signal  strength.  It  is  also 
believed  that  the  tail  rotor  is  heated  to  some  extent  by  the  engine 
exhaust,  and  this  may  account  for  some  of  the  difference  between  meas- 
urements and  predictions. 

1*.2.6  Windshield  Operation 

During  the  dry  air  testing  at  Edwards,  the  windshields  were  operated  satis 
factorily  at  160,  200,  and  230  volts  ac  during  both  ground  and  flight  test 
The  windshields  appeared  to  cycle  normally,  and  there  were  no  instances 
of  voltage  shutdown  due  to  an  overheating  condition. 

The  left  windshield  operates  at  a slightly  higher  temperature  than  the 
right  windshield  and  hac  a slightly  longer  power  ON  cycle  time.  The 
temperature  difference  was  noticeable  to  the  touch  and  along  with  the 
different  ON  time  is  probably  due  to  the  difference  in  temperature  sensor 
locations  between  the  left  and  right  windshields. 


Ground  taata  to  dataralna  tha  minima  haatlng  raqulraaanta  of  tha  loft 
vindabiald  uaro  conducted  at  50- , 100-  and  160-volt  a at t Inga  of  the  Varlac 
control.  The  reaulta  of  these  t*iti  were  conaidared  to  be  inconclueiee 
du«  to  tha  longer  time  required  to  eatablieh  a atable  OH/OIT  cycle  time 
at  tha  high  wfeiant  te^arature*  during  tha  ground  taats. 


5.0  SIMULATED  ICING  TESTS 


Evaluation  of  the  ice  protection  system  was  conducted  in  forward  flight 
under  simulated  icing  conditions  flying  behind  the  USA  AEFA  CH-J*7 
Helicopter  Icing  Spray  System  (HISS).  The  test  program  was  conducted 
at  Moses  Lake,  Washington  during  the  period  of  12  March  through  31  March 
1975-  A log  of  the  test  activities  during  that  period  is  presented  In 
Teble  lL  and  Appendix  A and  shows  that  12  icing  test  flights  and  ll*  main- 
tenance flights  were  made.  The  maintenance  flights  were  accoiqpHshed 
for  rotor  tracking  after  blade  change  and  troubleshooting  intermittent 
electrical  ground  problems.  Deicing  data  points  were  obtained  on  nine 
of  the  icing  test  flights.  Icing  test  conditions  ranged  from  -5°C' 
to  -20°C  air  temperature.  Test  temperatures  were  obtained  by  varying 
the  test  altitude  from  approximately  U000  feet  to  10,000  feet.  The 
liquid  water  content  of  the  water  spray  from  the  tanker  varied  from 
0.25  g/m  to  0.75  g/m  . As  the  temperature  was  decreased,  the  maximum 
liquid  water  content  tested  was  decreased  to  encompass  the  probable 
combinations  of  OAT  and  LWC. 

In  general,  the  ice  protection  system  performance  was  considered  satis- 
factory. Windshield  and  stalilizer  bar  anti-icing  appeared  completely 
effective.  Although  no  tail  rotor  blade  icing  was  experienced  (page 
I63)/  the  blade  deicing  heaters  were  cycled  to  gain  operational 
experience  on  the  complete  system.  Main  rotor  deicing  was  complete 
under  most  test  conditions.  Under  some  conditions,  deicing  of  tie 
inboard  6 feet  of  the  blade  leading  edge  was  not  effected  even  though 
the  heaters  operated  properly  (page  lrSl). 
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TABLE  Ik.  LOG  OF  ICE  PROTECTION  SYSTEM  TESTING  AT  MOSES  LAKE 


J 


Appendix  A for  more  details  of  test  conditions 


TABLE  lU.  LOG  OF  ICE  PROTECTION  SYSTBl  TESTIHG  AT  MOSES  LAKE  (Cont) 
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5.1  OPERATIONAL  TEST  PROCEDURE 


The  following  test  procedure  was  used  during  the  simulated  icing 
tests  at  Moses  Lake,  Washington. 

1.  Each  flight  was  preplanned  with  the  icing  conditions  selected 
for  evaluation,  with  a set  of  alternate  conditions  available 
if  alterations  to  the  flight  became  necessary. 

2.  ^rior  to  the  test  flight  the  fixed-wing  weather  survey 
aircraft  conducted  a temperature-altitude  check  to  find 
the  altitude  for  the  selected  test  ambient  temperature. 

3.  A preflight  briefing  would  be  held  for  the  test  crew,  chase 
aircraft  crew,  HISS  tanker  crew,  and  rescue  helicopter  crew, 
with  other  interested  personnel  in  attendance. 

1*.  After  the  briefing,  the  crews  boarded  their  aircraft,  took 
off,  rendezvoused,  and  flew  in  formation  to  the  test  area. 

5.  Upon  arriving  in  the  test  area,  the  HISS  tanker  stabilized 
at  the  altitude  required  for  the  desired  ambient  temperature 
and  started  the  water  flowing  at  the  rate  required  to  obtain 
the  desired  liquid  water  content. 

6.  The  test  aircraft  then  took  a record  in  trimmed  level  fl5ght 
before  entering  the  icing  cloud  (Figure  73). 

7.  The  test  aircraft  next  entered  the  icing  cloud  behind  the 
HISS  tanker  and  stabilized  at  approximately  80  KCAS  at  a 
distance  of  120-150  feet  behind  the  tanker.  This  distance 
was  monitored  by  a rearward-facing  radar  altimeter  in  the 
tanker,  and  the  test  aircraft  pilot  was  informed  of  deviations 
from  this  distance  by  radio.  Figure  7**  shows  the  test  aircraft 
operating  in  the  spray  cloud  relative  to  the  tanker. 


8.  After  remaining  in  the  cloud  for  the  designated  period  of 
time,  the  test  aircraft  exited  the  cloud  and  took  a record 
in  trimmed  level  flight.  The  chase  aircraft  then  moved  in 
and  observed  the  ice  accuaulated  on  the  test  aircraft * and 
the  photographer  took  pictures  prior  to  the  deicing  cycle. 

Figures  75  and  76  show  the  UH-1H  in  the  spray  cloud  as  viewed 
from  the  side  and  from  the  tanker. 

9.  When  the  external  observations  were  reported » the  deicing 
cycle  was  initiated.  The  observer  in  the  chase  aircraft 
visually  noted  any  ice  leaving  the  rotor , and  this  vas  also 
recorded  by  the  photographer  with  a high-speed  camera.  If 
the  chase  aircraft  reported  that  there  was  ice  remaining  on 
the  blades*  the  deicing  system  vas  recycled. 

10.  After  completion  of  the  deicing  cycle* the  test  aircraft  took 
another  record  in  trimmed  level  flight  outside  the  cloud  to 
establish  a base  for  the  next  cycle. 

11.  The  test  aircraft  reentered  the  cloud  for  the  next  test 
condition*  and  steps  7 through  10  were  repeated. 

12.  After  the  completion  of  a given  flight,  the  four  aircraft 
returned  to  base. 

5.2  ici:;c  TgrT  commons 

The  simulated  icing  tests  were  conducted  in  test  envelope  expansion  fashion 
starting  at  Just-below-freezing  ambient  temperature  (23°F)  and  low  liquid 
water  content  (0.25  gram  per  cubic  meter).  Information  based  on  prior 
Army  testing  in  simulated  icing  conditions  indicated  that  1/U  inch  of  ice 
would  accumulate  at  the  Uo  percent  rotor  span  point  at  this  LWC  and  tempera- 
ture in  approximately  7 minutes.  Using  this  as  a guide,  the  initial  deicing 
cycles  were  Initiated  after  exposure  times  in  the  icing  test  condition  of  2, 
U,  6,  8,  and  10  minutes  to  buildup  to  the  7 minutes  and  bracket  it.  After 
some  deicing  experience  was  obtained  and  the  results  were  evaluated. 
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Figure  75.  Test  Aircraft  Operating  Witi  Rotor  in  Spray  Cloud  as  Vieved  From  the  Side. 


3 

8 minutes  was  selected  as  a reasonable  OFF  time  for  the  0.25  g/m  LWC, 
and  this  was  ured  as  a basis  for  selecting  the  change  in  power  OFF  time 
being  inversely  proportional  to  increases  in  LWC.  No  quantitative  measure 
of  blade  ice  thickness  prior  to  deicing  was  made  other  than  an  attempt  to 
keep  the  A torque  increase  in  the  area  of  5 psi  or  20%  to  be  consistent 
with  previous  test  recommendations.  As  lower  temperatures  »"d/ or  higher 
LWC  conditions  were  tested,  the  exposure  time  or  ice  acc?"etion  time  was 
increased  in  two  steps  to  the  established  nominal  OFF  time.  As  mentioned 
under  test  procedures,  each  test  condition  of  temperature  and  LWC  was 
evaluated  by  conducting  a deicing  cycle  in  clear  air  after  accreting 
ice  first  and  then  by  evaluating  two  or  more  successive  deicing  cycles 
with  the  appropriate  OFF  time  while  flying  continuously  in  the  spray 
cloud. 

The  icing  condition  envelope  that  was  the  test  target  envelope  is  shown 
in  Figure  77,  which  also  indicates  the  incremental  steps  used  in  reach- 
ing envelope  extremes.  As  can  be  seen,  all  but  the  high  LWC  and  23°  F 
temperature  corner  of  the  envelope  was  achieved.  Table  15  lists  the 
specific  test  conditions  attained  and  shows  the  time  in  the  cloud  and  the 
deicing  test  cycle  number.  The  cases  where  more  than  one  cycle  number 
is  shown  are  the  cases  where  flight  in  the  cloud  was  continuous  for  the 
total  time  shown  with  deicing  cycles  accomplished  every  8 minutes  in 
light  (L)  LWC,  L minutes  in  moderate  (M)  LWC,  or  2 minutes  in  heavy  (H) 

LWC  conditions  as  appropriate. 

The  ice  buildups  which  were  obtained  between  deicing  cycles  can  also  be 

related  to  protection  against  intermittent  maximum  conditions , as 

defined  in  MIL-E-38L53.  The  liquid  water  content  associated  with  these 

3 

conditions  and  15-20  micron  volume  median  droplet  sizes  is  2-2.5  g/m  , 
depending  upon  ambient  temperature.  Since  the  deicing  system  is  capable 
of  completing  a cycle  every  36  seconds  (with  the  heavy  setting)  even  at 

3 

-20°C,  the  ice  buildup  experienced  in  U minutes  at  0.5  g/m  is  more  than 
representative  of  the  ice  buildup  which  might  accrue  during  intermittent 
maximum  conditions . 


155 


AIR  TIMMRATURt,  *C 


Figure  77. 


LUC  Versus  QAl  Siamleted  Icing  Test  Envelope. 


TABLE  15.  DEI CIIO  TEST  COIDITHHS  AID 
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5.3  ROTOR  BLADE  DEICING 


The  effectiveness  of  the  deicing  system  was  determined  during  the  tent 
program  primarily  from  visual  inflight  observations  from  the  chase 
UH-1H  aircraft.  A main  rotor  hub-mounted  movie  camera  was  installed  on 
the  test  aircraft  as  described  in  Section  3,  but  no  blade  pictures  were 
obtained  due  to  an  obscured  camera  lens  or  the  viewing  window  of  the 
enclosure  around  the  lens.  The  window  had  anti-icing  provisions  but 
successful  operation  with  a clear  window  under  low  temperature  and  icing 
conditions  was  never  obtained. 

The  blades  were  painted  dull  black  with  white  stripes  outlining  the 
6 heater  zones  to  aid  in  the  deicing  evaluation,  both  visually  and 
photographically.  Figure  78  is  a picture  of  the  blade  in  flight  taken 
from  the  chase  helicopter  that  shows  the  zone  boundary  marking  lines 
defining  the  six  zones  (zones  are  numbered  I - VI  starting  from  '.he 
outboard  end  and  going  inboard).  Close  inspection  of  the  photographs 
shows  ice  formed  on  the  blades  on  zones  III,  IV,  V,  VI,  with  the  cut boa ru 
edge  Just  inside  the  zone  III  outer  boundary  line. 

Although  good  photographic  documentation  is  not  available,  the  excellent 
observations  of  the  USAAEFA  engineering  pilot /observer  were  detailed  and 
specific.  The  right-hand  column  of  Table  15  briefly  summarizes  perti- 
nent observations/comnents  made  by  the  chase  helicopter  on  each  deicing 
cycle.  At  all  test  conditions,  good  deicing  shed  results  were  reported, 
although  the  results  were  not  always  consistent.  in  general,  the  deicing 
of  the  blade  occurred  zone-by-zone  as  intended.  The  deicing  was  sym- 
metrical in  that  the  flight  crew  could  not  detect  the  shed  except 
occasionally,  and  then  only  a barely  percept  ible  low-level  one-per-j’ev 
out-of-balance  condition.  Under  conditions  of  -10°C  and  below,  the 
deicing  could  be  observed  so  distinctly  that  the  chase  observer  could 
call  off  the  shedding  by  zone  number  in  sequence,  and  the  test  aircraft 
crew  could  correlate  the  zone  sheds  with  the  zone  heater  ON  time 


159 


Figure  78.  Main  Rotor  Blade,  Showing  Heater  Boundary  Lines. 


lights  in  ths  control  panel.  These  observations  indicated  that  the 
ON  tine  could  be  reduced  approximately  2 seconds  per  tone.  Thus  a 
simple  test  procedure  is  feasible  in  future  testing  to  use  in  optimizing 
the  heater  ON  times. 

At  all  temperature  conditions,  there  was  some  residual  ice  near  the 
inboard  end  of  the  blade.  This  residual  ice  varied  from  about  12 
inches  of  span  at  -5*0  to  6o  inches  (one-half  of  tone  V and  all  of 
zone  VI,  the  two  inboard  zones)  at  -10 "C  and  colder.  Repeated  close 
internal  cycles  of  the  heaters  generally  failed  to  clear  this  ice  even 
though  the  zone  VI  blade  thermocouple  readings  showed  that  temperatures 
as  high  as  53 °C  were  realized.  (The  temperature  was  increased  by 
using  longer  ON  tinea  for  succeeding  heater  cycles.)  Figure  T9  shows 
typical  postflight  residual  ice  formation  at  the  root  end  of  the 
blade.  The  blade  heated  area  goes  all  the  way  in  to  within  an  inch 
of  the  root  end.  It  appears  that  the  large  water  droplets  of  the  spray 
tanker  cloud  U50  microns)  result  in  ice  formation  back  of  the  heater 
(chordwise)  and  on  the  blade  grip  clevis  fitting  and  essentially  bridge 
the  heated  area  and  remain  attached. 

The  60-;nch  span  corresponds  to  the  doubler  heater  which  extends  from 
sta.  2U  to  03,  where  there  is  a Joint  or  Junctui-e  with  the  outboard  blade 
heaters.  The  erosion  shield  material  changes  from  aluminum  to  steel  at 
this  station.  The  Joint  in  the  heating  element  results  in  a 1/2-inch 
band  which  is  unhented  and  which  could  provide  sufficient  ice  bond 
strength  to  prevent  the  ice  from  there  in  to  the  grip  clevis  from  shed- 
ding. Future  testing  should  include  checking  the  effect  of  this  ice 
accumulation  on  autorctation  rpm. 

No  positive  indication  of  runback  wes  evident,  on  the  outer  portion  of 
the  blade.  The  inboard  lower  surface  collected  ice  "drops” , which  are 
apparent  on  Figure  79  as  far  back  as  the  trailing  edge,  as  would  be 
expected  due  to  the  large  droplets  behind  the  HISS. 
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With  respect  to  the  tail  rotor  blades,  the  test  results  indicate  that, 
at  least  for  the  conditions  tested,  ice  protection  is  not  required. 

The  engine  exhaust  plume  provided  sufficient  heat  to  anti-ice  the  tail 
rotor  blades  at  all  conditions  tested.  A review  of  high-speed  camera 
film  from  the  chase  aircraft  also  showed  no  ice  present  on  the  tail 
rotor  blades,  although  varying  amounts  of  ice  were  presen*  on  the  hub 
arms,  slipring  housing,  vertical  fin,  and  horizontal  stabilizer. 

Flying  in  the  cloud  behind  the  HISS  tanker  in  level  flight  requires  a 
power  setting  that  would  be  used  for  climb.  The  higher  exhaust  gas 
temperature  combined  with  the  vortex  pattern  behind  the  tanker  may 
result  in  a favorable  anti-icing  condition  for  the  tail  rotor,  which 
would  not  be  present  under  natural  icing  conditions  at  h ' Th  liquid  water 
content  levels  and  low  ambient  temperatures.  Therefore,  tail  rotor 
deicing  capability  for  the  UH-1H  helicopter  may  still  be  required, 

5.4  DEICING  LOADS  AND  DYNAMICS 

Main  rotor  end  tail  rotor  loads  were  recorded  prior  to  entering,  while 
inside,  and  after  leaving  the  deicing  cloud  created  by  the  CH-47  spray 
tanker.  Loads  were  recorded  on  magnetic  tape,  and  the  most  critical 
structural  loads  were  monitored  in  real  time  to  maintain  safety  of  flight. 

Prior  to  the  actual  icing  runs,  the  test  helicopter  was  flown  in  the  tanker 
wake  at  various  locations  to  determine  the  effect  of  air  turbulence  from 
the  tanker.  Vertical  passes  were  made  through  the  wake  in  the  center,  to 
the  left  side,  and  to  the  right  side.  The  center  and  left  side  vertical 
passes  were  made  without  any  difficulty.  The  vertical  puss  on  the  right 
side  was  terminated  when  limit  engine  power  was  reached.  The  test  heli- 
copter was  also  flown  in  the  "icing  test  position"  behind  the  tanker. 

Main  rotor  blade  loads  for  these  wake  turbulence  survey  tests  are  shown  in 
Figures  80  through  86. 
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Figure  80.  Main  Rotor  Inplane  Bending  Moment  at  Station  35  With 
Deicing  Boot  Installed.  80  KCAS 
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Figure  81.  Main  Rotor  Flap  Bending  Moment  at  Station  35  With  Deicing 
Boot  Installed,  30  KCAS 
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Figure  83.  Main  Rotor  Pitch  Link  Axial  Load  With  Deicing  Boot 
Installed,  80  KCAS 
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igure  84.  THil  Rotor  Inplane  Bending  Moment  at  Station  11  With 
Deicing  Boot  Installed,  80  KCAS 
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Figure  85.  Tail  Rotor  Flap  Bending  Moment  at  Station  2k  With 
Deicing  Boot  Installed,  80  KCAS 
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Ice  accretion  runs  were  conducted  behind  the  tanker  at  three  water  spray 
flow  rates  of  0.25,  0.50  and  0.75  grains  per  cubic  meter  for  various  ice 
accretion  times  prior  to  deicing.  The  outside  air  temperatures  varied 
from  5°C  to  -20‘C,  The  structural  loads  are  presented  for  the  0.25  and 

0.75  g/m^  flow  rate  in  Figures  80  through  86  and  Figures  87  through  91, 
respectively,  as  a function  of  the  time  spent  in  the  cloud  (i.e.,  the 
amount  of  ice  on  the  blade). 

The  structural  loads  are  plotted  for  each  of  the  following  conditions: 

1.  Trim  before  entering  the  icing  cloud  at  the  test  altitude 
and  speed,  outside  of  the  tanker  turbulence. 

2.  After  entering  the  icing  cloud  to  obtain  a base  point  in  the 
tanker  turbulence  at  the  start  of  ice  accumulation. 

3.  Maximum  load  in  the  icing  cloud  to  determine  the  highest  load 
obtained  while  in  the  icing  cloud. 

h.  Prior  to  leaving  the  icing  cloud  to  determine  the  structural 
loads  in  the  tanker  turbulence  with  the  ice  that  had 
accumulated  while  in  the  icing  cloud. 

5.  Trim  out  in  clear  air  after  leaving  the  icing  cloud  to 
establish  the  change  in  structural  loads  with  the  ice  that 
had  accumulated  in  the  icing  cloud  so  that  it  could  be  com- 
pared with  the  trim  before  entering  the  icing  cloud. 

6.  During  the  deicing  cycle  to  determine  load  changes  as  ice 
sheds  from  the  main  rotor  blade. 

A review  of  the  plotted  data  shows  that  most  of  the  increase  in 
structural  load  was  due  to  the  downward  flight  operating  condition  and 
turbulent  air  behind  the  tanker.  There  was  no  significant  change  in  loads 
due  to  ice  accumulation.  The  data  also  shows  that  there  was  no  significant 
change  in  loads  during  the  deicing  cycle  as  the  blades  shed  the  ice  that 
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Figure  88.  Main  Rotor  Flap  Bonding  Mo— nt  at  Station  35  With  Deicing 
Boot  Installed,  0.73  g/*^. 
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Figure  89.  Main  Rotor  Pitch  Link  Axial  Load  With  Deicing  Boot 
Installed,  0.75  g/03. 
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Figure  90. 

Tail  Rotor  Inplane  Bending  Moment  at  Station  11 
With  Deicing  Boot  Installed,  0.75  g/m^. 
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Figure  91.  Tail  F vtor  Flap  Bending  Moment  at  Station  24  With 
Deicing  Boot  Installed,  0.75  g/m’. 


had  already  accumulated.  The  loads  measured  were  all  within  the  flight 
loads  measured  during  the  dry  air  flight  envelope  expansion  tests  except 
for  the  tail  rotor  inplane  bending  moment  at  rotor  station  11. 

The  tail  rotor  cyclic  inplane  bending  moment  reached  a maximum  value 
of  1750  in. -lb  behind  the  tanker  (Figure  81)  as  compared  to  the  maximum 
of  1650  in. -lb  that  was  measured  during  the  envelope  expansion  tests 
at  Edwards  (Figure  60).  This  bending  moment  level  is  well  within  the 
structural  capability  of  the  tail  rotor  and  below  the  maximum  transient 
of  2200  in. -lb  found  in  the  measured  records  of  the  standard  blade. 

f.  Lme  history  of  the  main  rotor  flap  bending  at  station  35  and  the  pitch 
link  load  during  a typical  deicing  cycle  is  shown  in  Figure  92.  These 
data  are  typical  and  show  that  there  is  no  discernible  change  in  loads 
before,  during,  and  after  the  deicing  cycle. 

The  tail  rotor,  because  of  the  heat  stream  from  the  engine  exhaust , was 
not  in  an  icing  environment.  A difference  in  loads  due  to  the  turbulent 
wash  from  the  tanker  was  evident. 

Table  1 6 summarizes  the  predominant  measured  vibration  response  fre- 
quencies at  the  locations  where  vibration  data  were  recorded  ar.d  the 
approximate  recorded  response  amplitudes.  These  data  are  presented  for 
t^iir.  flight  Just  prior  tc  entering  the  cloud  and  while  flying  in  the  cloud. 

The  general  vibration  charact eristics  are  not  sensitive  to  being  in 
the  cloud  or  out  of  it.  The  only  vibration  that  was  significantly 
increased  while -in  the  cloud  was  the  pilot’s  seat  vertical  bP.  "his  was 
probably  due  to  the  turbulence  genera  ed  by  the  tanker  helicopter. 

1'he  pilot’s  seat  vortical  vibration  readings  show:,  in  the  tit  > appear 
*•  be  r.igh  in  general.  It  is  not  krown  whether  these  are  real  ;r 
* , ••  p'.ivlile  calibration  error.  in  any  event,  the  rela*  lv  - ■ mi  ariro:.. 
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Rieure  92.  Main  Rotor  Loads  During  Deicing  Cycle 


A review  uf  the  vibration  data  was  also  made  jurim'  '.he  deicing  .sequel:--' 
I'he  data,  which  was  substantiated  t>y  pi  1 <"  t.  usd  observer  eoKJaent , s.h'Ws. 
taere  was  virtually  no  effect  on  ai  r 1‘rune  vibratory  response  lur.ng  t:sc 
deicing  sequence  at  any  of  the  vibration  frequencies. 

f.h  ROTOR  BLADE  THERMAL  PEBFOFKAflCL 


A United  amount  of  blade  temperature  hl'tory  sat  a were  ot*a;:.*'  : i.  r::.r 
the  icing  runs.  Fig  ire  93  shows,  for  example,  tn-  results  <.f  p.rf,:-  - 
ir.n  the  deicing  cycle  in  or  out  o f the  cloud  (at  -10'?).  It  is  seen 
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to  the  start  of  deicing);  i.e.,  the  blade  temperature  in  the  cloud  is 
higher  since  the  impinging  droplets  which  freeze  release  their  latent 
heat  of  1UU  Btu/lb.  The  cooldown  in  the  cloud,  on  the  other  hand,  is 
faster  since  the  droplets  impinging  on  the  surface  (above  freezing) 
absorb  heat  since  they  are  sensibly  heated  to  the  surface  temperature. 
The  absolute  magnitude  of  the  blade  temperature  level,  however,  appears 
to  be  incorrect  since  all  the  temperatures  are  noted  as  being  above 
freezing.  In  addition,  there  is  a change  in  the  temperature-time  slope 
at  U seconds,  which  corresponds  to  the  time  of  ice  release  (presumably 
at  0°C). 

Figure  9**  shows  the  temperature-time  history  for  four  main  rotor 
stations  at  an  ambient  of  -5°C.  This  curve  clearly  shows  the  effect  of 
kinetic  heating  along  the  rotor  span.  At  this  ambient  temperature  the 
blade  will  be  ice  free  along  the  outboard  50  percent  of  the  span  due 
to  the  kinetic  heating.  Ice  shedding  is  discernible  only  at  station  1*5 , 
as  a change  in  temperature  slope. 

Figure  95  is  a summary  of  the  measured  temperature  rise  at  station  h‘) 
as  a function  of  semiautomatic  OAT  control  setting  for  light  ( l60  volts) 
and  moderate  (200  volts)  icing  intensity  settings.  The  clear  air 
temperature  rise  is,  as  would  be  expected,  higher  than  during  icing. 

The  temperature  rises  during  icing  for  both  the  light  and  moderate 
settings  indicate  a satisfactorily  conservative  level  above  the 
ambient  temperature  datum. 

Figure  96  is  a correlation  of  predicted  and  measured  temperature  rise 
at  station  U5  for  an  ambient  temperature  of  -,'PLC.  This  run  o. insist**  j 
of  three  consecutive  deicing  cycles.  It  war  rep-'r*-i  ty  *:.>•  e.nase 
that  it  appeared  that  the  ice  hai  not  .'..he  1 ii.btari  ■ t he  first  eye..  ; 
therefore,  two  subsequent  cycles  were  perf  rme  i In  at.  at’e-.p’  * 
clear  the  residual  ice.  Or.  the  first  cycle,  the  measure  i • tv.fer-s  n.*v 
shows  a flat,  spot  for  . seconds  (at  a:,  it.  1:  *ate  : • e -a'  .re  f . . 
Allowing  for  the  probability  :f  ins*  rumen’  a*  I :.  rl'i  [r.ihT..1,  '.a  ... 
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Figure  94.  Main  Rotor  Blade  Heater  Skin  Temperatures  During  Deicing  System  Test 
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Fig are  96.  Comparison  of  Zone  VI  Deicing  Heater  Temperature  During 
Repeated  Cycles  in  Clear  kir  To  Deice  Zo  e VI. 


since  the  correct  initial  temperature  should  he  -l4°C,  the  flat  spot 
can  be  attributed  to  the  melting  of  an  ice  layer  (at  0°C)  and  the 
subsequent  formation  of  a cavity  under  the  ice.  It  is  to  be  noted 
that  the  subsequent  measured  temperature  rises  are  higher  than  the 
predicted  values.  This  would  occur  as  a result  of  the  insulating 
effect  of  a layer  of  ice  over  the  surface.  The  thermal  model  used 
for  the  analysis  accounted  for  thermal  capacity  of  the  ice  and  its 
thermal  conductivity  but  presumed  that  the  ice  shed  at  0°C. 

Unfortunately,  none  of  the  movies  or  still  photographs  that  were  taken 
indicated  the  extent  of  ice  which  failed  to  shed  during  the  -20JC 
condition  (shedding  was  reported  by  observers  in  the  chase  plane  as 
being  complete  during  the  -15 9C  test  conditions).  There  are  two 
phenomena  which  could  have  contributed  to  the  reported  incomplete 
shedding : 


1.  An  ice  ridge  at  the  station  83  production  break.  This  can 
be  corrected  in  a heating  element  redesign  either  by  locally 
increasing  the  power  density  or  by  using  a continuously  heated 
parting  strip  on  either  side  of  the  break. 

2.  The  ice  anchoring  to  the  unheated  area  inboard  of  station  50. 
The  heated  area  inboard  of  station  50  extends  only  1 inch  on 
either  side  of  the  leading  edge,  whereas  the  ice  catch  with  the 
large  (150-micron  volume  median  diameter)  droplets  from  the 
HISS  extends  substantially  further  aft  of  this  point. 


Figure  97  presents  a comparison  of  the  expected  water  catch  distribu- 
tion on  the  main  rotor  blade  a s would  be  experienced  in  natural  icing 
with  that  occurring  behind  the  tanker.  It  is  seen  that  the  large 
droplets  result  in  double  the  total  catch  rate  per  foot  of  span  for  a 
given  liquid  water  content;  alternatively  , the  leading-edge  catch 
rate  is  approximately  bo  percent  higher  (fcr  equal  iiquiu  water  contents), 
and  impingement  extends  approximately  100  percent  further  aft  behinu  the 
HISS  than  w.ulJ  te  exneriej. -e  i I r.  na*  urni  icing.  Although  O:**  ea*  ra'e 
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Figure  97-  Local  Water  Catch  Distribution  for  Two  Droplet  Sizes  at  the 
Liquid  Water  Content  Required  for  Equivalent  Total  Water 
Catch . 
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behind  the  HISS  is  double  that  for  natural  icing,  the  severity  of  icing 
is  generally  evaluated  at  the  leading  edge;  and  thus  tanker  icing  could 
be  taken  as  at  least  Uo  percent  more  severe  than  natural  icing. 

5.6  WINDSHIELD  ANTI-ICING 


The  anti-icing  characteristics  of  the  windshields  were  considered  to  be 
satisfactory  at  each  combination  of  liquid  water  content  and  ambient 
temperature  tested.  At  no  time  was  there  any  evidence  of  ice  clinging 
to  either  windshield  within  the  heated  areas.  Accumulations  of  ice 
were  outside  the  heated  areas  and  on  the  wiper  blade  assemblies.  The 
thickness  of  this  ice  varied  with  liquid  water  content,  temperature, 
and  time  duration  within  the  icing  cloud.  The  wiper  blades  were 
effective  in  keeping  the  windshields  clear  of  water  film  when  they  were 
used  to  improve  the  pilot's  view  of  the  HISS  tanker  during  flight  in  the 
spray  cloud.  (An  annoyance,  however,  was  the  wiper  travel  onto  the  ice 
outside  of  the  heated  area.  It  is  concluded  that  the  wiper  travel  should 
be  modified  to  eliminate  this  problem.)  An  example  of  typical  ice 
accumulation  outside  the  heated  windshield  areas  can  be  seen  in  Figure  16. 
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: 5. 7 ICE  DETECTOR/SEVERITY  METER  PERFORMANCE 

* 

t 

As  discussed  in  Section  2.U,  two  ice  detector  sensing  units  were 

| mounted  on  top  of  the  fuselage  (Figure  16).  Fundamentally,  these 

k. 

! units  are  ice  detectors,  with  their  output  signals  processed  as 

I appropriate  to  provide  indications  of  liquid  water  content.  Figures  98 

7 and  99  show  the  response  of  the  ultrasonic  unit  in  several  different 

* 

i spray  cloud  densities.  As  previously  noted,  the  HISS  cloud  has  a ver- 

tical extent  of  the  order  of  5 feet;  this  results  in  the  ice  detectors' 
normally  being  positioned  near  the  edge  of  the  cloud  when  the  main 
rotor  is  positioned  near  the  center  (Figure  75). 

i 

Thus,  the  detectors  will  indicate  a belov-average  cloud  liquid  water 
content.  Figure  98  does  show  the  effect  of  a penetration  of  the 
sensor  through  the  cloud  and  provides  a measure  of  the  vertical 
distribution.  The  nominal  liquid  water  content  noted  on  the  figures 
is  obtained  from  the  calibration  data  for  the  HISS. 

These  data  show  that  the  ultrasonic  unit  provides  a very  rapid  response 
to  local  icing  severity  conditions  and  that  it  apparently  yields  at 
least  a good  measure  of  relative  icing  severity.  Further  testing  under 
natural  icing  conditions  is  needed  to  establish  its  usefulness  in  pro- 
viding signals  for  the  modulation  of  the  rotor  deicing  system. 

Only  one  problem  was  experienced  with  the  ultrasonic  system  during 
the  icing  tests:  the  probe  and  mounting  strut  generally  failed  to 

deice  automatically,  arid  it  was  necessary  periodically  to  deice  the 
unit  manually  (by  pressing  the  test  button,  which  activates  the 
heat  ir.g  unit  ) . 

unfortunately , no  data  were  obtained  with  the  ir.frarei  sensing  system 
as  ’he  icing  severity  circuitry  was  not  operable,  and  all  icing 
.'ignals  from  the  sensor  were  being  processed  thrvugri  the  i.WC 


Figure  98-  Liquid  Water  Content  Meter  Performance, 
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Figure  'W.  Additional  I.iquid  Water  Content  Tata. 


component.  Ground  checkouts  indicated  that  the  detector  portion  of 
tnt  system  was  apparently  functioning  properly. 

Figure  l6  shows  ;he  ice  accumulation  on  the  ice  detector  masts  on  top 
of  the  cabin  roof  after  a typical  test  flight.  It  can  be  seen  that  t.he 
ice  accretes  well  down  on  the  supporting  mast,  implying  that  for  tanker 
spray  tests,  at  least,  the  masts  need  not  be  sc  high;  however,  the 
smaller  dropTet  size  in  natural  icing  c.loucs  might  produce  different 
results.  A change  In  mast  height  should  be  deferred,  therefore,  until 
completion  of  natural  icing  investigations. 

I 

5.8  STABILIZER  BAR 

The  energy  levels  which  were  established  and  used  for  stabilizer  bar 
anti-icing  proved  to  be  effective  in  preventing  the  formation  of  ice 
on  the  heated  area  of  the  arm  and  tip  weight  (Figure  100).  Actuation 
of  the  system,  however.  Is  currently  tied  into  the  ice  detector  signal: 
heat  is  not  applied  until  icing  is  encountered.  The  transient  response 
of  the  assembly  is  such  that , based  on  analysis , the  coldest  heater  sur- 
face temperature  (midway  between  the  heater  wires)  does  not  reach  0“C 
(from  -l8°C)  until  approximately  8 minutes  after  the  application  of  heater 
power.  Thus,  it  is  concluded  that  the  stabilizer  bar  anti-icing  system 
should  be  actuated  prior  to  entering  the  icing  condition  find  that  the 
ice  detect'  r signal  requirement  should  be  deleted.  This  is  the  procedure 
that  was  used  in  the  test  progr«*m  to  obtain  proper  anti-icing. 

5.9  UNPROTECTED  AREAS 

Some  of  the  unprotected  areas  on  the  aircraft  that  experienced  significant 

ice  buildups  during  the  testing  ( although  the  ice  didn't  cause  any  problem 
or  generate  any  concern  during  the  program)  are  potential  problems.  They 
could  be  FOD  sources  for  the  tail  rotor  or  adjacent  aircraft  in  formation 
flight  and,  therefore,  should  be  monitored  in  future  testing. 
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Figure  100.  Typical  Stabilizer  and  Rotor  Head  Condition  at  the  Completion 
of  an  Icing  Test  Flight. 


a.  H.  H.  synchronised  horizontal  stabilizer 

b.  A^t  fuselage  vertical  pylon 

c.  Battery  vent 

d.  Rotor  control  Rods 

e.  Fuselage  noze 

f.  PM  whip  antenna 

Figure  101  shows  the  tee  buildup  regaining  on  the  horizontal  stabilizer 
and  vertical  fin  after  return  to  base.  Observation  of  tho  movies  taken 
frjm  the  chase  plane  indicate  lee  accretion  over  the  entire  upper 
surface  of  the  horizontal  stabilizer.  (This  is  to  be  expected  becau'«» 
of  the  relatively  large  water  droplets  from  the  HISS  and  the  increased 
negative  angle  of  attack.)  The  ice  buildup  on  these  surfaces  was  not 
noted  to  cause  any  problems  but  does  serve  as  on  indication  of  the  total 
accumulation  on  an  airfoil  The  maximum  leading-edge  accumulation  obsei-ved 
on  tUe  ground  waB  1 inch  on  the  right  hand  horizontal  stabilizer  and 
approximately  l/U  inch  on  the  vertical  fin.  The  iert  hand  horizontal 
auto-stabilizer  appears  to  be  kept  ice-free  by  engine  exhau.  . heat. 

Figure  102  shows  typical  ice  buildup  on  the  battery  vent.  In  one 
instance , the  rsm  air  inlet  was  almost  closed.  It  is  recommended,  there- 
fore, that  the  system  be  redesigned  to  incorporate  a different  type  of 
ventilation  such  as  an  internal  fsn  or  a much  larger  scoop  or  a baffle. 

Figure  100  shows  typical  ice  collection  on  the  main  rotor  control  rods. 
Although  a substantial  amount  of  ice  built  up  on  the  control  rods, 
■waahplate  and  pitch  links,  there  was  no  problem  with  aircraft  control. 

Ice  thicknesses  of  1/2  inch  were  measured  on  the  blade  attach  fittings. 

The  ice  texture  which  was  seen  at  all  ambient  temperatures  was  of  the 
glaze  variety  and  closely  matched  the  description  of  freezing  rain,  which 
can  be  found  on  pages  21  and  £.2  of  Volume  I of  this  report. 
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Much  of  th«  helicopter  note  was  covtrvd  with  ice  und  this,  too,  is 
symptomatic  of  the  large  droplets  exist  Inf  behind  the  tenker.  The 
principal  effect  of  nose  icing  would  be  the  icing  of  the  chin  bubble 
window.  The  test  crew,  hovers i , did  not  believe  thst  the  icinf  which 
was  experienced  represented  a potential  operational  problem  or  hazard. 

It  is  also  to  be  noted  that  the  such  snails r water  droplets  associated 
with  natural  icinf  would  only  iapinge  close  to  the  1 awed i ate  stagnation 
area  of  the  nose  and  are  not  likely  to  cower  the  entire  window. 

Previous  icinf  of  the  U$-1H^  ^ showed  that  the  PM  whip  antenna  oscillated 
violently  witn  ice  on  it,  and  several  inches  were  broken  off  by  the  tail 
rotor.  The  re c asses ndat ion  was  seeds  (reference  3)  that  the  antenna  be 
canted  an  additional  12.$  de frees  by  a wedge ; and  this  was  done  for  this 
pro gran.  Observation  fron  the  chase  aircraft  on  the  first  icing  flight 
were  that  the  antenna  continued  to  whip  violently  due  to  ice  changing  its 
natural  fNfnmrt  thar  store,  tlM  antenna  wna  raawil  tor  the  rsmelnlng 
test  flights.  It  la  reeoananded  that  the  sntenaa  be  acred  to  a 
new  location  or  that  a flush  antenna  be  need  If  it  is  available. 

There  was  no  icing  of  the  engine  air  inlet  screen  of  any  significant  mag* 
nltuds.  On  one  flight,  ice  buildup  on  the  right-hand  aide  was  noted 
(Figure  103),  but  this  condition  was  not  consistent. 

r.10  EFFECT  OF  I Cl  ACC  RET  in  0M  AIRCRAFT  PERFORMANCE 

Ltola  were  recorded  during  the  testing  to  assess  the  incremental  changes  in 
power  requ*  ad  due  to  flight  operations  under  icing  conditions.  The  paran- 
ettrs  recorded  at  each  trin  point  by  test  and  flight  number  are  presented 
in  Table  A-l  in  the  Appendix  of  this  report. 

(3)  Mitt  eg,  MajTcarl  F. , UH-1H  HELICOPTER  NATURAL  ICING  TESTS,  US  Amy 
Aviation  Engineering  Flight  Activity  Report  T4-7T»  Volvsae  I of  Rotary 
Wing  Icing  Syaposiw,  4-6  June  1974. 


A 


196 


103.  Engine  Inlet  Screen  Icing 


For  a deicing  cycle,  the  change  in  U>i'i  »■  } r*n  .■  u*v  t i-’w*  * -.  i.n*-  t.rln  j . 1 : , t . 

provide*  a measure  of  the  change  due  to  Ice  ac *r*-tl..n.  These  ohangot  m 
considered  approximate  as  In  the  case  of  nq  rated  l .•*<  accre*  i<.t,  and  deici-..- 
cycles  there  Ip  no  way  to  account  for  the  Joe  remaining  n Mi*  i Male 
resulting  fro.o  an  Incomplete  Ice  shed  if»or  a del  cl  nr  ovlo.  In  addition, 
the  chase  aircraft,  observers  reported  m*uiy  instance.-  ice  Maving  the 
aircraft  aft.er  exiting  the  cloud  and  before  t.iie  dei  *ycle  (luring 

adblanti  of  -7*5  “C  and  wanmtr ), tl.ua  affecting  tha  delta  chtnge  measurement  i. 

The  torque  changes  due  to  main  rotor  an*  fuselage  l**e  l ui  I j q hav*  i • • n 
summarized  in  Table  IT*  i'he  average  Mi-pw*  ii. -iv ?*;•>♦<  i .•  *.  > rri'i.  r • ; 
icing  above  that  required  for  level  flight  is  .wn  * *.  * • i ♦ . i r 

and  varied  between  0 and  .'6.3  percent  for  al  ! c mi*'.  n.  ms*.  i.  . ■ 
average  torque  Increase  due  to  ice  builuuj  . n '.!.*-  f as*  *••.  i s.j  r ••  . 

rotating  components  was  r>.7  percent  and  varied  between  ' am  ..  jo**.,..,*. 

The  average  value  of  the  combined  torque  increase  j *.  • . r.a'in  :•  * :•  a 

fuselage  Ice  buildup  was  lB.t>  percent,  and  varied  h*.**,  ; am  • ,i  ; .*  . 

The  wake  and  vortex  pattern  behind  t he  tanker  r*.-s  ti  ♦ in  *.!.■•  v-s*.  aircraf 
flying  In  a simulated  climb  condition  to  maintain  its  •.*  1 • I • in  ’.no 

icing  cloud.  From  nor.icing  test  data,  the  torque  increase  was  f<>  u.d  to  to 

percent  when  flying  behind  t.he  tanker,  hiring  ’.n*>  i >ing  ’ osts , torque 
pressure*  of  1*2  to  50  psi  were  reported  under  s**ne  test  oondl  1 1 one  and 
reflect  torque  Increases  of  f>8  to  78  percent  , respectively.  Vlii.t  higher 
level  of  power  required  in  the  cloud  with  resultant  increase  in  exhaust 
gas  temperature  (55-65°F)  may  also  contribute  to  anti-icing  of  the  tail 
rotor  by  the  engine  exhaust  wake.  Natural  icing  tests  will  have  to  be 
conducted  before  this  effect  can  be  confirmed. 
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6.0  NEW  INSTALLATION  PROBLEM  AREAS 


6.1  MODIFIED  ROTOR  BLADES 

Visual  inspection  procedures  for  all  new  inst  all  at  ions  were  prepared 
end  utilised  during  the  test  program  to  assure  flight,  safety.  These 
inspections  included  preflight,  daily,  and  25-hour  inspection.-. 

The  modified  rotor  Blades  were  given  special  attention  Because  of  the 
limited  testing  and  number  of  blades  fabricated  (a  total  of  four  main 
and  three  tail  blades  were  modified  for  use  in  the  test,  program)  prior  t( 
flight  operations.  Before  any  tc*3ting,  t he  main  and  toil  rotor  blame 
were  inspected  by  the  "C"  scan  ultrasonic  method  to  verify  bonding 
integrity  and  to  document  their  initial  nr  zero  time  signatures  as 
described  in  Section  5.2  of  Volume  1.  In  addition,  the  first  main 
rotor  blade  that  was  modified  was  used  as  a teardown  specimen  to  verify 
bonding  procedures.  The  initial  "C"  scan  ar.d  visual  inspection  of  the 
teardown  blade  cross-sectional  cuts  indicated  low  bond  strength  where 
the  heater  element  braided  wires  ran  under  the  erosion  shield  along  the 
span  of  the  blade.  Therefore,  shear  and  tension  coupon  specimens  we*e 
cut  from  portions  of  the  actual  test  blade  as  well  as  fatigue  te3t 
specimens,  and  tests  were  conducted  that  established  adequate  structural 
integrity  of  the  "good"  bonded  area.  This  is  discussed  In  detail  in 
Sections  5.2  and  5.3  of  Volume  I. 

To  further  au4pnent  this  aspect  of  the  test  program,  a second  "C"  -can 
ultrasonic  inspection  was  performed  after  the  airworthiness  testing 
and  prior  to  the  simulated  icing  tests.  The  blades  had  3**.^  total 
operating  hours  and  15.3  flight  hours  accumulated  to  that,  point.  There 
was  no  chsnge  In  the  "C"  scan  recordings  between  that  signature  and  the 
ssro  time  signature,  thus  verifying  the  daily  "coin"  tap  test  indications. 
To  minimize  flight  time  usage  of  the  modified  blades,  they  were  removed 


for  the  ferry  flights  from  Kdwur 1b  AKh  :>  Mesea  lake,  Wash!  ngton,  Wi  d 
return.  Daily  "c'lt."  tap  ♦ests  at.  1 visual  1 1 | «' ■ 1 • >f  the  l lades  vert' 

also  performed  t.-  rvi.itor  bonding  integrity  thr.  **;i.uui  tin*  program.  Do 
V rol' lens  were  experienced  v.r  discrepancies  noted. 
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Another  problem  found  at  the  very  coneluslor.  of  th.e  program  was  a 
loss  of  torque  on  the  tail  rotor  retention  nut.  Design  changes  will 
be  required  to  preclude  this  situation  us  well  as  the  malt;  rot-  r wire 
gut de  tube  discussed  above  prior  to  tuiy  further  testing. 

Wo  other  problem  areas  In  the  t.*_..L  installations  were  identifier.  The 
05-hour  prevented ve  maintenance  check  (performed  twice  during  the  pro- 
gram) showed  no  problem  with  the  ac  generator  drive  or  other  new  instal- 
lation aspects. 


In  addition  to  the  visuad  inspections  of  the  generator  and  the  main  rotor 
slipring  installations,  vibration  pickup**  were  mounted  on  the  units  to 


check  dynamic  characteristics , Ik*  problems  were  i "'Heated.  The  results 
of  the  measurement  a are  discussed  In  other  section::  of  this  report.. 

C , i blade  lttATKh  wihi:;d 

The  major  problem  experienced  unritw  Uie  program  war.  several  occurrences 
of  short-to-ground  elect rlcnl  wiring  failures  in  the  power  linos  to  the 
blade  heaters  on  the  main  rotor  blade.  A total  of  four  "short"  failures 
were  experienced  and  one  "open."  All  of  the  failures  were  repaired 
at  the  teat  site  by  the  test  crow  with  a minimum  loss  of  aircraft 
availability  time.  Four  of  the  failures  occurred  on  one  blade  at  blade 
station  83  in  the  area  where  the  power  loads  pass  under  the  inboard  edge 
of  the  steel  erosion  shield,  and  the  fifth  failure  was  at  blade  station 
2b2  (26  inches  from  the  blade  tip).  The  failures  are  attributable  to 
design  and  manufacturing  details  that,  can  be  corrected  relatively  easily 
os  future  blade /heater  assemblies. 

Vnere  are  eleven  flat  braided  power  lead;  wnl  >h  run  along  t.hc  upp-  r blade 
surface  from  the  root  eti  1 connector  to  the  blade  heaters  at  the  outboard 
zones.  At  the  station  63  production  break,  she  ♦lover,  wires  are  routed 
under  the  steel  erosion  str  IP  on  their  way  out  to  the  various  heater 
zones.  The  first  short,  to  ground  occurred  between  wire  II o . 2 (the  uecur.i 
from  the  J.aat  toward  the  trailing  edge  of  the  erosion  shield)  ui  d the 
erosion  shield  edge.  It  was  detected  by  the  ico  protection  system's  fault, 
detection  circuitry  and  displayed  a ground  fault  warning  light  in  the 
cockpit.  The  failure  was  caused  by  a breakdown  of  the  dielectric  mut.erial 
between  the  sharp  edge  of  the  erosion  shield  and  the  wire  braid.  The 
breakdown  occurred  after  10.8  flight  hours  and  approximately  2S  total 
operating  hours  on  the  blades.  Blade  flexing  in  flight  apparently  had 
caused  the  sharp  edge  of  the  inboard  end  of  the  steel  erosion  shield  to 
cut  Into  the  insulating  material.  When  230  volts  of  deicing  electrical 
power  was  applied,  arcing  occurred. 
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Figure  105  shows  the  external  evidence  of  the  failure.  Repair  was  made  by 
trimming  the  comer  of  the  steel  erosion  shield  off  and  splicing  in  a 
piece  of  braid  to  replace  the  burned  section.  No  structural  damage 
to  the  basic  blade  was  evident.  The  repaired  area  was  covered  with  a 
non-conductive  potting  adhesive  to  restore  blade  contour. 

The  ei'osion  shield  edge  is  pressed  hard  against  the  dielectric  material 
during  the  heater/shield  assembly  bonding  operation.  It  apparently 
pressed  harder  than  normal  on  th's  one  particular  blade  (the  first  flight 
heater  assembly  to  be  manufactured)  because  of  the  added  thickness  to 
the  wire  braids  due  to  the  solder  splice  joints  of  the  power  supply  lead 
wires  and  the  erosion  shield/heater  assembly  wires.  This  undesirable  con- 
dition  was  noted  on  the  first  heater  assembly  and  was  changed  by  the  deicer 
manufacturer  relocating  the  splice  1-1/?  inches  further  iriboai  ’ and  well 
away  from  the  edge  of  the  erosion  shield. 

Two  of  the  other  failures  on  this  blade  and  station  were  similar  in 
nature  and  cause.  Figure  106  shows  the  external  evidence  cf  a short  in 
the  No.  1 wire  (the  end  wire)  which  burned  out  approximately  a 1-inch- 
long  section  of  braid.  Figure  107  shows  the  replacement  braid  splice 
soldered  into  place  and  the  fiberglass  cloth  tape  added  undernea.h  for 
better  insulation.  This  failure  was  apparently  a soldered  splice  that 
opened  and  caused  the  arcing  across  the  gap.  Figure  108  shows  the 
repaired  area  closed  with  sealing  compouni. 

Figure  109  shows  the  strap  of  braided  wires  in  the  Station  81-83  area 
after  the  outer  insulation  material  was  carefully  removed  to  locate  and 
repair  another  "open"  that  was  experienced.  It  was  found  that  each  of 
the  braids  had  a spliced-in  section  in  this  area  and  several  of  the  solder 
Joints  were  loose  and/or  questionable  in  addition  to  the  one  that  initiated 
the  problem.  All  of  the  questionable  solder  Joints  were  repaired,  and 
the  area  was  covered  over  with  a clear  insulating  and  protective  sealing 
compound  as  a final  repair. 


203 


Figure  10U.  Main  hotor  Slipring  Wiring  Condition  Pound  on  Disassembly 
Investigation  of  Wire  Guide  Tube  Failure. 


Blade  Station  83,  Top  Surface. 


§ 


Figure  108.  Station  83  Repair  Area  Covered  With  Sealing 
Compound  and  Ready  for  Further  Flight. 


Figure  109.  Station  80-83  Wiring  Insulation  Removed,  Showing 
Spliced  Wires  and  "Open"  Joint  That  Were  Found. 
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The  short  at  Station  262  was  on  a different  blade  and  was  on  the  underside 
of  the  blade.  This  short  was  also  between  the  wire  braid  and  the  erosion 
shield.  It  was  repaired  by  carefully  removing  a semicircular  piece  of  the 
erosion  shield  at  its  trailing  edge  to  uncover  the  braid.  Physical  evi- 
dence indicated  that  the  braid  was  Just  under  the  edge  of  the  erosion 
shield  at  this  point  instead  of  1/8  inch  in  from  the  edge.  This  location 
apparently  peraitted  Moisture  to  penetrate  a pinhole  in  the  epoxy  and 
fiberglass  shield  fairing  and  provide  a path  to  ground.  Figure  110  shows 
the  repair  area  with  the  "sliver"  of  erosion  shield  removed  thus  exposing 
the  braid.  Careful  manufacturing  indexing  techniques  will  prevent  mia- 
location  of  the  assembly  in  future  assemblies  as  well  as  precautions  to 
assure  moisture  sealing  of  any  porosity  in  the  shield/ fairing  Joint. 

6.U  BLADE  HEATER  DIELECTRIC  STRESOTH 

In  the  process  of  the  troubleshooting  investigations  of  the  blade  wiring 
short  problems  discussed  in  the  previous  paragraphs , measurements  of  the 
heater  to  blade /erosion  shield  dielectric  integrity  became  routine.  The 
results  of  these  measurements  showed  a wide  variation  in  dielectric 
strength  between  the  three  main  rotor  blades  used  in  the  program  and  in 
any  one  blade  from  time  to  time.  It  is  hypothesized  that  this  is  due  to 
moisture  paths,  admitting  moisture  into  the  blades.  This  is  an  area  that 
warrants  further  investigation  and  action  on  a complete  modified  blade 
assembly  prior  to  further  development  testing. 

6.5  STABILIZER  BAR  HEATER  ASSEMBLIES 


The  stabilizer  bar  is  anti-iced  (continuously  heated),  and  its  operation 
was  checked  icring  the  system  functional  tests.  Its  power  density  is 
proportional  to  tne  generator  voltage  and,  as  discussed  in  Section  2, 
is  5 watts/in.  at  200  volts.  Operation  was  satisfactory  at  160  and  200 
-'olts . At  230  volts,  however,  one  of  the  balance  bar  tip  weight  heaters 
burned  out  during  one  of  the  ground  runs.  It  is  believed  that  the  failure 
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Figure  110.  Station  262  Failure  Area  After  Steel  Shield 
Material  Was  Removed. 

was  a ’’simple”  overheating  of  the  part  (Figure  111).  The  location  of  the 
failure  is  surprising  since  the  least  cooling  would  occur  at  the  inboard 
end  of  the  am  (least  tangential  velocity).  Although  the  other  parts 
showed  no  visual  damage,  a "feel”  inspection  indicates  that  there  was 
substantial  sponginess  in  the  rubber  indicating  that  suae  out gassing  had 
occurred.  As  a precaution,  all  heating  elements  were  then  replaced.  A 
thermal  analysis  was  then  performed  to  establish  temperature  limits  for 
a thermostatic  control  system.  This  analysis  showed  tha  the  heating 
element  could  achieve  a temperature  cf  approximately  600°F  in  dry  air  (the 
vires  are  spaced  approximately  3/l6  inch  apart).  This  compares  to  an 
allowable  temperature  of  approximately  U25°F  based  upon  the  char  properties 
of  rubber.  An  overheat  control  system  should  limit  the  heater  element  to 
approximately  300°F  (the  sensing  elpment  vuuld  be  .010”  behind  the  heating 
element,  and  the  temperature  differential  at  230  volts  is  130°F  to  the 
average  temperature  in  the  plane  of  the  sensing  element).  It  has  also 
been  concluded  that  an  etched  foil  heating  element  design  would  be  superior 
and  would  have  prevented  the  burnout. 
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Figure  111.  Stabilizer  Bar  Tip  Weight  - Failed  Heater 


Operation  with  the  second  stabilizer  bar  heater  assembly  at  Moses  Lake 
revealed  that  after  a very  short  operating  period,  a bonding  separation 
between  the  heater  and  the  tip  weight  was  experienced.  This  could  have 
contributed  to  the  failure  during  the  dry  air  ground  tests  but  in  any 
case  implies  that  an  improved  bonding  material  such  as  a hot  bond  as 
> opposed  to  the  present  cold  bond  should  be  used  on  future  assemblies. 

6.6  ELECTRICAL  SYSTEM  OPERATION 

AC  Electrical  System 

Incorporation  of  the  ac  electrical  system  in  the  UH-1H  was  accomplished 
with  a minimum  impact  on  the  normal  helicopter  operating  procedures . The 
electrical  system,  including  the  ac  generator,  the  regulator  and  protec- 
tion panel,  ac  generator/external  power  contactor,  external  ac  power 
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monitor  and  ac  bus,  performed  throughout  the  flight  test  program  with 
only  a minor  problem  occurring  in  the  regulator  and  protaction  panel. 

Both  the  original  flight  regulator  end  protection  panel  end  the  spare 
unit  developed  a delay  in  energising  the  me  bua  after  the  engine  had 
come  up  to  normal  operating  rpm.  Both  malfunctions  occurred  after 
several  hours  of  normal  operation.  Delays  in  energising  the  ac  bus 
varied  from  5 minutes  for  the  spare  unit  to  as  long  as  20  minutes  for 
the  original  flight  unit.  Subsequent  laboratory  testing  established 
that  the  circuitry  was  teaperature  sensitive  and  would  not  actuate 
below  32  F.  This  problem  has  been  corrected  by  the  manufacturer. 

Analysis  of  the  ac  electrical  system  performance  showed  satisfactory 
coordination  between  aircraft-generated  ac  power  and  external  ac  power 
and  operation  with  a floating  neutral.  Further  design  resolution  may  be 
required  in  the  use  of  certain  external  power  carts  which  connect  their 
ac  system  neutral  to  the  control  pins  in  the  external  ac  power  connector 
through  a relay  coll.  This  feature  ties  the  ac  system  neutral  to  the 
aircraft's  dc  system  (which  uses  the  aircraft  structure  as  dc  return) 
and  consequently  removes  the  floating  neutral. 

Pc  formance  of  the  dc  electrical  system  proved  to  be  satisfactory  through- 
out the  flight  test  program.  Use  of  the  starter-generator  as  both  the 
starter  and  the  main  dc  generator  required  only  minor  modification  to  the 
startup  procedure  and  coordinated  well  with  the  transformer-rectifier  as 
the  standby  dc  source.  At  light  dc  system  loads,  however,  the  dc  generator 
did  not  automatically  pick  up  the  dc  bus  from  the  transformer-rectifier 
standby  source.  This  feature  can  be  corrected  by  slight  design  changes 
to  the  standby  source  re  verse- current  relay  circuit. 

Ground  tests  were  conducted  using  a load  tank  to  evaluate  the  cooling 
characteristics  of  the  ac  generator  under  varying  electrical  loads  at 
voltage  levels  of  160  , 200  and  230  volts.  Tiie  ’"•"lilts  of  these  tests  are 
presented  in  Figure  112  and  indicate  that  the  a.,  van  temperature  rise 
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experienced  vu  10°F.  The  maximum  inflight  temperatu re  rise  experienced 
during  this  period  of  testing  vss  27°F.  It  would  be  expectod  that  the 
teepersture  rise  is  proportional  to  the  gsneretor  output  instead  of  being 
almost  independent.  The  measured  inlet  temperature  was  noted  to  be  20- 
30°F  above  aabient , and  it  nc#  be  that  this  reading  for  sqsm  reason  is 
too  high. 

■©  prvhlem  of  overheating  is  expected  wi**  such  a saall  temperature  rise 
during  operation  under  heavy  load.  The  ac  generator  is  rated  for  satis- 
factory operation  with  Its  outlet  air  temperature  at  300°  F,  and  no  con- 
dition of  this  type  will  be  experienced  during  deicing  system  operation. 

6.7  MIC  IMP  OOgYPOL  SYSTEM  OPK^TIOH 

Hie  basic  design  concept  of  the  deicing  control  system  proved  to  be  effec- 
tive in  latisfectoiy  deicing  of  the  main  and  tall  rotors.  Flexibility 
in  the  operational  ch**act*riati"«i  of  the  system  allowed  adjustments  of 
the  deicing  energy  to  made  verj  simply  and  quickly. 

Several  problems  were  encountered  in  the  initial  operation  of  the  control 
system.  Most  ol  these,  however,  were  resolved  during  the  early  system 
flight  tests.  The  various  types  of  system  problems  end  effected  corrections 

were: 

Elect roaagnetlc  Interference  (EMI) 

Electromagnetic  interference  and  noise  triggering  of  the  control  systems 
protection  circuits  comprised  the  most  prevalent  malfunction.  Unsuppressed 
relays  and  other  magnetic  circuits  in  the  basic  UH-1H  provided  the  basic 
source  of  interference;  however,  some  capacitive  coupling  from  the  wind- 
shield power  wires  during  svitch-on  of  the  windshields  also  occurred. 
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Protection  circuit!  moat  susceptible  to  EMI  were  main  and  tail  "open,” 
main  and  tail  "short . ,"  and  controllar  "fault,”  All  of  thaaa  susceptible 
circuits  vara  immunized  to  EMI  from  tna  normal  system  operational  sources 
by  the  addition  of  ceramic  bypass  capacitors  at  key  points  in  the  circuit 
cards  of  the  control  panel  and  deicing  controller. 

After  addition  of  the  bypass  capacitors,  no  further  EMI  malfunctions 
occurred  until  the  mechanical  failure  of  the  wire  guide  tube  inside  of 
the  main  rotor  mast  vas  experienced  at  Moses  Lake,  Failure  of  the  tube 
caused  chafing  of  the  heater  pover  vireB  to  the  main  rotor  blades  and 
stabilizer  bar  and  resulted  in  intermittent  shorts  of  phase  voltage  to 
structure.  This  vas  Indicated  by  flickering  at  the  "heater  ground" 
light  on  the  control  panel.  The  intermittent  faults  to  structure  were 
a nev,  stronger  source  of  EMI  and  cause  triggering  of  the  controller 
"fault,"  main  "short"  and  zone  6 shutoff  circuits.  Further  addition  of 
bypass  capacitors  desensitized  part  of  the  susceptibility,  but  some  still 
remained  at  the  end  of  the  flight  test  program. 

Controller  Fault  Overvoltage  Sensing 

Overvoltage  protection  in  the  control  system  (to  shut  the  deicing  system 
off  if  the  generated  voltage  were  higher  than  that  commanded  by  the 
controller)  tripped  when  a nev  ac  voltage  regulator  vas  installed  and 
the  copilot’s  vindahiela  vas  switched  on.  The  protection  circuit  toler- 
ances were  determined  to  be  too  tight  for  normal  operation  of  the  reg- 
ulator and  voltage  variations  due  to  unbalanced  loading.  The  overvoltage 
trip  point  vaa  increased  by  7 percent  by  changing  calibration  resistors 
in  the  controller. 
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1.  An  ac  electrical  system  can  easily  be  1 retailed  on  the  UH-1H. 

2.  The  fully  heated  pilot's  and  copilot's  windshields  provided 
rejy  effective  anti-icing  to  the  minimum  flight  teBt  temperatur 
of  -J»°F.  The  windshield  wiper  (ravel,  however,  should  be  com- 
patible with  the  heated  area  so  that  the  blades  do  not  stroke 
over  ice  beyond  the  heated  area. 

3.  No  mein  or  tail  rotor  blade  st  ructural  or  dynamic  problem  was 
encountered  over  any  part  of  the  flight  envelope  investigated. 

U.  Main  rotor  boost-off  control  forces  are  reduced  compared  t.o  a 

standard  UH-1H  aircraft. 

5.  Engine  power  increases  of  15  - 20  percent,  (t  rimmed  level 
flight)  were  noted  due  to  icing  of  the  main  rotor  blades 
under  simulated  icing  conditions  created  by  the  11103  tanker. 

The  ice  buildup  is  typical  of  that  allowed  between  deicing 

cycles  under  natural  icing  conditions. 

6.  The  main  rotor  blade  deicing  system  controls  ice  shedding  in  a 
manner  that  precludes  perceptible  vibration  effects. 

7.  The  rotor  blade  deicing  system  appears  to  be  capable  of  prvvld! 
protection  throughout  the  range  of  continuous  maximum  and 
intermittent  maximum  icing  conditions,  although  some  modifica- 
tions of  the  heating  element,  design  may  be  desirable  around 
the  production  break  at  station  8i  t.o  assure  complete  deicing 
inboard  of  that  station  at  the  extreme  cold  temperature 
conditions. 

8.  No  problems  due  to  icing  of  the  engine  inlet  screen  or  oilier 
unprotected  surfaces  other  than  the  battery  vent  and  the  FT-! 
whip  antenna  were  noted. 


9.  The  battery  vent  should  be  relocated  or  redesigned,  and  the  !'M 
antenna  should  be  relocated  to  prevent  It,  from  striking  the 
tall  rotor  due  to  Ice  buildup  changing  its  dynamic  response 
or  fatiguing  the  mounting. 

10.  The  failures  that  occurred  In  the  main  rotor  blade  deicer 
power  feed  lines  were  repairable  In  the  field.  ’Hie  failures, 
however,  do  emphasise  the  need  for  the  hi, 'host  degree  of 
quality  cont  rol  throughout  the  manufacturing  process  to 

assure  reliability. 

11.  The  dielectric  strength  of  the  main  rotor  deicer  assemblies 
(as  measured  at  the  cable  connector)  between  the  heating 
element  and  the  blade  deteriorated  with  t ime  at,  Moses  hake. 

It  is  belie/ed  that  the  problem  is  due  to  moisture  penetrat  ion 
at  some  point(s)  in  the  circuit,.  It  is  recommended  that  humidity 
testing  be  performed  In  the  laboratory  to  determine  the  cause 
of  the  problem  and  thus  effect,  a permanent  repair. 

No  problem  was  noted  with  the  tail  rotor  deicers,  and  the 
dielectric  strength  was  measured  at  a minimum  of  500  megohms 
(compared  to  a requirement  of  3 megohms). 

12.  The  timer/ controller  system  performed  well  after  the  initial 
development  bugs  and  EMI  problems  were  eliminated.  The  fault 
sensing  provisions  were  extremely  useful  and  accurate  in  pro- 
viding reliable  fault  indications. 

13.  The  ac  generator  voltage  regulator  has  some  minor  problems 
which  have  been  corrected. 
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Further  flight  testing  in  natural  icing  is  required  to  evaluate 
the  effectiveness  and  necessity  of  an  ice  detector/icing 
severity  system  and  also  to  establish  a recommendation  on 
system  design.  Both  systems  tested  (the  ultrasonic  and  the 
infrared)  had  problems  but  offer  promise. 

The  icing  cloud  generated  behind  the  CH-U7  HISS  tanker  was 
too  limited  in  size,  particularly  height,  to  achieve  an 
adequately  uniform  cloud  over  the  test  rj”crnft.  Also,  the 
dovnvash  generated  by  the  tankor  on  the  test  aircraft  resulted 
in  an  increase  in  vibration,  structural  leads,  and  power 
requirements . 
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